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Sonic Boom Downwards Emission
Control Box (near field)
Ê|§)xA{i®°,dfeyi sv)wA|~G8h¶²3p\¾ite )©-wAiI){)wyè©;M{·yi¦~ sveAQ¾"£f­¤)iXtuti{wys)©Â¥svxAGi{suwA|§M|§{{M©½tI²
pGoÄ  s-w8tv{)¦`X­À q8rf²









UWVU >e_\n[8dCczdC^_cai ah]cGa dfe
mO\Ai{w ·XwA|¨tiªµQ|§hDiIwysv|¬wyM¦)Qt|¬h,|§¯It|¬w¹h,itvey\ys®{i¦§r8|§wA w)­|¬w8ts"M{i |§ssvxAiI ©¸{)h	tveAi p\iI}8xAiIwt|§)¦
 xX)Q{t|§C{v){Mh,h,|¬wAh,itveAQQ¦¬)r)²  G)Axy¦§){lA{MtMtr\Gi|§sÂtveyior\{Qª"lh,M¾\xAwOM¦§)){|¬tveAh¶Xsvii 8*«²
dfey|§sM¦§)){|¬tveAh#|¬w |¬tsy)sv|§D©¸{vh#©¸){)ssuxAh,icstveyMtteAi±{iIsv)¦§xQtv|§)wèM©fteAiQ|¬ÃGiI{viIw8t¦¬|§wAicM{|§st|¬wysM©-sutMtvi
svrQstihs ;jÂi£ftvw |¬tviI{Mtv|§)w M©sutMtviMwysv)¦§xQtv|§)w M©­)|§w8t ¿M{ilwyMt&iÀQy)wysu|§¤)i²Â£¿iI¤)iI{ItveA|~s&)ssvxAh,Qtv|§)w
|~s,wA)t,¤)¦¬|~ |§w lQtv|§hM¦-p\ey)Xi®liIsv|¬wZ² dfey|§sD©;Ktey)s,¦§iI sv)h,iOMxQteA){stv tvt)¾èteAi¶A{)A¦§ih xXsu|§wA
þ  ú)ü  þ  ª³{CA{)){iIssv|¬¤i)M{/su|§hxy¦¨tMwAiI)xysuªM¦§){v|¬tveyh,s ;svii-©¸{/iÀQ)h,A¦¬i  8³§ K\£&eA|~e±M{i&y)sviI,|§wteAi
©¸¦¬¦§£&|§wAt£,X|¬w8ts°
" Ê|¬{stclQ¤MwyiOtveAi"tvey{viIi¥iI}8xyMtv|§)wysM©teAi@HJHdÁsvrQstih t tveAièsv)h,iOtv|§h,i"|§w iIe )Atv|§hD|§¯IMtv|§)w
|¨ti{t|¬wZ²




     ú)ü  þ  ü
	  >I ü ú  þ ß   þ ½

dfeyisttviic}8xyt|¬w¶sv)¦§¤)iI{ftvGi|¬w8ti){tiI|§w teAiA{)GsviI )Atv|§hD|§¯iI{-|~s-)ssuxyhDic tvGiMw¶|¬tvi{t|¬¤i·AÀQiI
G)|§w8t&)wAi²´«t-{viI¦¬|§iIsfwÒyÕ Ì ÏyÇ)ÍMå Ì Ñ«ÍMÆ±sti¶)w¤M{|§)A¦¬i  °
  ! ?   $<- 
£&eyi{i±tveyiXiI{Mtv{  |~s,)ssuxyhDic t"Gi {iIsuwyMy¦¬r3|¬wyiÀQXiIwysv|¬¤it"iI¤­)¦¬xXtvi¶MwX tv ¸¤i{r {)xAeA¦¬r )Qª
y{v­ÀQ|§h,MtviteAi|§w\¤)i{sviM©5tveyi()A|~Mw + +  ²Âd¿r\A|§IM¦§¦¬rX|¬tIMwOGiteAi{iIsvxA¦¬tÂM©/©¸i£MxXsvsuªµpQi|~Qi¦su£iiIys{lQ|~M)wy)¦¬¦§ry{vic)wXQ|¨t|¬wAiI®É¿wxAMtvi{)A|¬iIwtl|¨ti{tv|§)wXs²Âdfey|§slsu|§h,A¦¬|¬·yic®su¦¬xAtv|§)wO|~s-t±Xi,MyA¦¬|§iI¶|§w
y¦§iM©X)tvetveAip   {iIsutv{Mtv|§)w Aey)sviMwytveyi)h,AxAtt|¬w )© - |¬wtveyip  ßhD|§wA|§h,|¬¯ctv|§)wAeysui²
'3i£)wt/tv,M¦~suAtvey|§s|§wsv|¬h,|§¦§){¿£f­r©¸){¿tveAi)­|¬w8tc²´µw±tveAiA{)GsviIM¦§){v|¬tveyhtveyi­)|§w8t¿iI}8xyMtv|§)w
|~s&wysv|§QiI{vic s&Mw¶)AA|¨t|¬wyM¦¼ic}xXM¦§|¨tr)wysutv{M|§w8tI²´µwysutviIM©sv)¦§¤\|¬wy
1 !  + +   5<7 + +  |¬ts-{vicst){tv|§)w£&|¬¦§¦¼tveyiwOwysu|~sutf|§wOsu¦¬¤\|§wAtveAisv|¬h,A¦§i{&y{vA¦¬iIh¶°
:! 7 2  + +   7 1 ? + +  3 &
´«t-|~stveyiw¶wytxA{M¦Gtv)sv¾teAiwAi£ M¦§){v|¬tveAhºt{vicst){il)AA{­À\|§ht|¬¤i¦§rDGMteOsttvi)wysutv{M|§w8tf)wy¶)­|¬w8t










   þ   ¢ Êy){   )wy ©¸){   ! 
"   ?#  Y  "%$ "G& &'& "  4f  "
Mwy
" + + 
(  1 ~   ? + +  ")$ "G& &'& " +

+ 
( 1 ? + +  "
" c	
   þ    ¢ o)tve¶}xX)sv|¨ªµj-iI£ftv)wstiysÂM{is&)h,A¦§iÀ)s&©¸i£ iI}8xyMtv|§)wys&svsvihA¦¬|§iIsI²
" c	
   þ +*+,.- þ 0/ ú ¡ þ ÿ ¸  þ 21¢43 65 yM©½tviI{k/ u XM{vtv|~M¦¼{iIsv)¦§xQtv|§)w¶stiysIG9  - Y65  1 -  |~s-¦§svi
iwAxA)e tv,teAi){)A|¬iIwttvst|§su©¸r Jlu)\Q
mQicsviw8t-Q|¬{iItv|§)wZ°
7 / uv 798;:=<?> @A3B8 "A 8 $ 8;:=<?> Mwy 3 /DC / u 
 -E -?F G5? 8;H 5 u- 9  - Y65  1 - {? 4 - Y65v $ ? "G& &JI 8 " sLK G5  " }
£&eAi{i 1 !  + +   5<7 + +  Mwy s K  ! + +   $ {? A 1  +

+   $ fB ²
ãXä\ÅKÒ Ì ÅÆ`Ç Ì ÓKÓvÍÓÎÍMÆyÑ³ÓvÍ Ö 
jÂMtvi"tveXt c	
 >* þ   |~s w8¤i{)iIwyi®svsvxAh,Qtv|§)w )wXi{wA|§wA teAi"XsuiIxyQMªµj-iI£ftvw |¨ti{t|¬wZ²
 I 
 >* þ    |~sOwXtvxy{)¦/wysuic}8xAiwyiM©ftveyi svhD\)tveAwAicsvsM©Âsutti±iI}8xyMtv|§)w MwX sut©¸xAwXKtv|§)w>²®dfeAi
¤)¦¬xAicsÂ)©CtveyiGsv|¨t|¬¤iD)wysut)w8ts & &'& Mwy & &LI |~swAMt|¬h,G){vt)wt)sÂ©;M{)sltveyir®M{isvhM¦§¦¬iI{ÂteyMw"xAwA|¬tr)²ÊA{
 I 
 >* þ  * £iysvi{¤)iCteyt©¸{C/  ~   - w8¤i{)ics¼tv£fM{Astveyifsv)¦§xQt|¬w)©ytveyi-sttviiI}8xyMtv|§)wZ;1 -
)w\¤)iI{viIs/tv£fM{As¿tveAisu¦¬xQt|¬w )©teAi­)|§w8t&sutMtviic}xXtv|§)wO)wy±teAiw 9|§sfteAi){)A|¬iIwt&)©teAi©¸xAwytv|§)wy)¦s CGi|§wA s   :Y ²  I  
   þ  * |§s,¥svh,\MtveywAiIsssvsvxAh,Qt|¬w Mwy |§sD3)wXsuic}xyiwyi±M©
svsvxAh,Qt|¬w"|¬©teAi©¸xAwytv|§)wy)¦  MwXteAi)Gi{t){  M{isvh,\Mtve¶iIwA)xAeZ²
        þ ¸
	  >¡   X
´µw tv{Mwysu©¸){h,|¬wy,p   )¦¬){|¨teAhº|¬w8tteAi)wAiª«sveAMtfiÀ\tiwysv|¬wZ8tveAi£f­rDtveAiwysutv{M|§wt|§sfh)wyMiIeys
t,XiQiIiA¦§r{iI)wysv|~Qi{iI¼²
ª´µw¥p  XsutviI¶IMw¶Gi{vi©¸xysviI ¸{-{vicQxyiI f\rtveAid{xystÂ-i)|§)weAiIxA{v|~sutv|~sIyiIssviw8tv|~M¦§¦¬rXicMxXsuiteAi
'"¦¨©¸iDwyQ|¬tv|§)wO|~sÂwA)tlsvxQÈ±|§iw8tv¦§rst|§su·yic¼²&´µwOtveXtI)svi)ytveAiDsttvi¤­){v|~My¦¬i|~sÂ{iIsvitÂtv±|¬tslA{i¤\|¬xys
¤M¦§xAi)y)wyOÉCk¹iÃ`){vt-suGiw8t-|§w {iIsutv{v|§wAD|¨t-|~s&¦§sutI²
ª´µwwAiªµsueyMtIMÉCk iÃ`){vt>©¸{)A¤­)wy|§wAÂtveAisttvi¿¤M{|§)A¦¬ics>sveA)xy¦§wA)tGi/£f)sutvic¼² ' eyiwsutMtvi/|¬tviI{Mtv|§)w
|§s/wAMtsuxQÈ±|¬iIwt/©¸){/st|§su©¸r\|¬wAteAi '3)¦¬©¸iÂwyQ|¬tv|§)wZ£¿iÂA{vX8suitsuxyAA{iIss5tveAiÂhD|§wA|§h,|¬¯ctv|§)wxyGAMtvi
AxQt¶wAMttveyi"A{iª«{iIsutv){t|¬wZf£&eA|~eZÂ|§wysutviI¼-|~s{viª³|¬tviI{MtviI {iGiIMtvicQ¦¬r xAw8t|¬¦ h,|§wA|§hD|~stv|§)w sti
svMtv|~s©¸r\|§wADtveAi '3)¦¬©¸iwyQ|¬tv|§)w|§s-)QtM|§wAiI#;)wy¶)iQtiI ²
'3i®M¦~su3ey­¤it )w8t{v¦¿teAi¶¦¬iI¤)iI¦&M©l{iIsv)¦§xQt|¬w )©Âtveyi®sttviOsvrQstih |§w hD|§wA|§h,|¬¯ctv|§)w>²ß´µw p  teAi
){{vicKt|¬wQ\iIswA)t|§wy{iIsuiÂtveAisutMtviiI}8xyMtv|§)w{iIsv|~QxyM¦³\)s¦¬wA,)s¿tveAi¦¬yM¦Gh,|¬wA|§h,|§st|¬wsutviI|~s&suh)¦¬¦³
teyMwy¾\sDt3tveAi¶teA|¬{ßsurQsutvih tv su¦¬¤i)² dfeA|~s,A{vXiI{utr |~s±)w8tv{)¦§¦¬ic \r 3Giwy)¦¨tr h,iceyMwA|~svh² p\|§wyi¿|§w








´µwA|¬tv|~M¦§|§¯iJ$ 5  5 )wy 5 ²   ! þ ! "  
Zit "$# - "&% !('*) $  " + +  ? 2 + +  3 7 1 "  " + +  ?T2 + +  3 7 1 "  "   $  "  ²+ / ",# - ",% A-  ú   þ  . þ 
  Z ú  ú ¡ þ I / (>¡)  þ   
 c Q ú  ú I þ  Q  þ   > y ú ¢
ªÉ¿h,AxQtvi,CsvixXQMªµj-iI£ftv)w¶sutvi0/21 ! ? 4f   Y ²
ªkÂGytviteAisutti  °  E !D ~ / 1 ²
,ÿ43 þ G± ú  þ  Q* þ    A ú ¢
ªÉ¿h,AxQtvi,CsvixXQMªµj-iI£ftv)w¶sutvi>°/65 ! ?#  E Y 7 7 2 + +   E   3 7 1 ? + +   E Y98 ²
ªkÂGytviteAi))|§wtW1° 1 E ! 1 ~ / 5 ²
ª >it  E !  ²
    Ì ÓK×cØ Ì Ï Ë ÍÏQÓKÑ³æ  ÛlÍæ  àIìÏ Ì   ÍIÍ
	KÏ\Õ
. þ 
  Z ú  ú X­ yÿ  ú G 9 E 9  $ E  1 E ! 9 4 E  E  1 E 
 (  û      þ !. þ 43  G Q ú   Aÿ( ú G A¡¡ ú  ú  Q  þ 
   
  Q  þ    A ú ¢
²-É¿h,AxQtvi¥tveAièsutvi   xysv|§wA  ¦¬|§wAi"sviI){e )wy sv)¦§¤\|¬wA tveAi3sttvi"iI}8xyMtv|§)w MtsMh,i®¦§i¤)iI¦s
y{viª³{iIsutv{Mtv|§)wZ²
A²´«©tveyi '"¦¨©¸i)wyQ|¬tv|§)w|~s-svMtv|~s·XiI¼
ª,xyGAMtviteAiwt{v¦  K !  ~   




,ÿ43 þ G  þ D ú  þ  Q* þ    A ú , ý ½ þ Z 	  I ú . þ  1­¢
ª  1 ! ?y K Y K  7
7 2 + +   K Y K 3_7 1 ? + +  4 K Y K  8 ²    
 /ÿ Q ú  ú  Aÿ 3 þ  G 1 ¢ 1 E ! 1 ~ / 5 
ï 	ã`ÍMÐ Ì ÒXÓÍÒ Ì ÓKÑ³Ø Ì ÕÍ Ñéä Ì Å Ö ç8ÍÓKØ½ÑéäÐ
'3iey­¤i,wAMt¶y{v\M©&)©teAi)w\¤)iI{viwyi)©teAi)¦¬){|¨teAh¶² Â£¿iI¤)i{sv)h,isv|¬h,A¦§i±A{)Gi{vtv|§iIsMwèGi
sutMtvic¼² ZitfxXs-)ssuxyhDiteyt&)wODy){ut|§xA¦§){fiÀAMh,A¦§i)\teA|§sÂM¦§)){|¬tveAh»eys&D·AÀQiI X|¬w8tcQtveyMt-|§s









dfeAiIw®teAiwA¦§rOX8svsv|¬y¦¬iDsviwy){v|§±|~sÂteyt   Mwy01  )w\¤)iI{vitv¶sttiD)wy®))|§wtsv)¦§xQtv|§)wysMwX¶tveyMt  )w\¤)iI{viIs/tv£fM{Asf,su¦¬xQt|¬w )© s K !#" ²
 ÂwAMteAi{CiI¤\|§QiIw8tCA{vXiI{utrM©yteAiÂ)¦¬){|¨teAh¹|§stveyMt      1   |§sCsviI}8xAiIwyiteytChM¾iIsteAif©¸xAwytv|§)wy)¦<< 1 . Qic{iI)sviIsI²
dfeAi sutM©tveyi±wAi£»)¦¬){|¨teAho|~swA£hxyeè¦§£¿iI{su|§wyi±tic)eè|¨ti{t|¬w"£i±ey­¤ilxXstt¥)ssvihy¦¬i
ic}8xyt|¬wys5MwytvMyA¦¬rteAi&ysvixyAMªµj-i£ft)wDstiysI)lA{vQiIQxA{i¿tveyMtC|§sM©`su|§h,|¬¦~M{C)h,A¦§iÀQ|¬tr)M)IxAw8tv|§wAÂ©¸{
 lsvsvxAh,Qt|¬w Q² '3ilicst|¬hti-teyt¿tveAiwAi£ )¦¬){|¨teAh|§sMA¦§i-t{iIe±Mw±Qtv|§hM¦`)h,A¦§iÀQ|¬tr,M©	
 ~  1 
{&|¬w¶)tveAiI{-£¿{ys\teyt&teAisu¦¬xAtv|§)w¶|§s-{vic)eAic±£&|¬tve®Mw¶iÃG{ut&M©C/tv|§h,iIsÂ,sv|¬wy)¦§isttvisvrQstih{iIsv)¦§xQt|¬wZ/Gi|§wA|¬wXQiGiwyAiw8t&©¸{vh»tveyiw8xyhGi{-)©xAwA¾\wA£&wXs ²
UWV  ^k^k`aYb<]cGa dfe,cnd cG[8\ n[8]^J\8\ nafe ^Gd=` \ i
'3ifey­¤)ifMyA¦¬|§iIGMtve)¦¬){|¨teAhsZtQiIh,)wysutv{t){©¸){5)Atv|§hD|§¯IMtv|§)wDM©G)Qt|¬hM¦A)i{QQr\wyMh,|~M¦\sveyMGiIsQiª
s{|§Xic,|¬w  yMXv «²dfeA|~s/QiIhDwysutv{tv{C|§w8¤)¦§¤)icstveAiÂ)h,AxQtt|¬wM©Zh,A{vicsvsv|§A¦¬i-svxAGi{suwA|~ y£ß){vxAwy
XM{Mh,it{v|§¯ici)h,itv{r)²$  ©¸xAwyKt|¬wyM¦y|§s¿M¦~su|§wt{vQQxXiI©¸{Ci¤M¦§xyMtv|§wAMiI{vQQr\wy)hD|~)¦QXiI{u©¸{vh)wyicsMwy
sv)wy|§ÂX\)h»sutv{iwA)tveZ²dfeAilyM{Mh,itvi{s/){vi-tveAiX8su|¬tv|§)wXs/)©>M¦§¦yteAilh,icsue±¤i{vtv|~icsC¦§r8|§wA)w±teAilsvey)Xi²pQ|¬wyi
teAiIsvi±y){)h,itviI{sM{i±w\xAh,i{)xysItveAi hDQQiI{vw )AA{e3)©Â)­|¬w8t|~sDMAA¦§|§iI¼²¥dfeyi ))|§wtDsu)©½t£){vieys

































 20  40  60  80  100  120  140  160  180  200
Gradient convergence








Qtv|§h,|¬¯ct|¬w stM{vtv|§wAO©¸{)h  jlÄC5 &ªm F¥£&|¬wAXMwy £&|¬tveß®8M{suiihDitv{r")© " suey)Xi yM{Mh,itvi{s
 2 ";" " X£ ¤){v|~MA¦§iIs K²¿´µw¶tveyMtlsuiteAisut-©¸xAwytv|§)wy)¦>£f)s-Qic{iIsuic±©¸{)h "G& " tv¦¬icsvsfteyMw " & "  ²dfeAi
Qtv|§h,|§sviIOsvey)Xi|~sÂ}8xA|¬tviA|¨Ã`i{iw8t-©¸{)h tveAi|¬wA|¬tv|~M¦)wAiXsviiÊ|§y² QGMwy tveyi{iIQxytv|§)w¶M©5teAi{iIsvxA¦¨t|¬wy±X£
sveAQ¾|~s-Qih,wyst{Mtvic\r,xAt-M©tveAiA{iIssvxA{vil·yiI¦§Gi¦§£ tveyi£&|¬wAXAsuiIiÊ|§y² Q²
dfeAi A{MtvQ)¦§i,©¸){xA{iÀQXiI{v|§h,iw8ts|§stv®¾iiI iÀA)tv¦§r¥teAi svGiI|¬·XItv|§)w )©ftviIsutDI)svi)5£&eA|§¦¬i {viIA¦~)|§wA
teAiD|¬wA|¬tv|~M¦)wxA8ti){)Q|§iw8t)Qt|¬h,|§¯i{\r$*l±¤i{su|§)wO)©or\{\ª(lh,M¾8xywOp   M¦§){v|¬tveyh |§w\¤)¦¬¤\|§wA
)h,A¦§itisv)¦§xQt|¬w )©5sutMtviMwy¶­)|§w8t&svrQstihsIAMwy#é ¿tveAiwAiªµsueyMtfhDitveAQ¶Qicsv{v|§XiceAi{i)²
Ë ÍcÅÓÕ Ì Ð Ì Õä Ó Ì ÕKÏ Ö ÑéÕ
Ê|§{sutv¦§r)¼£iy{vicsuiIwttviIsut£&|¨te¥teAiD){svi{v|~OM© " yM{Mh,itvi{sI²mO){i{iI)¦¬|~st|§iÀQGi{|¬h,iw8tsl£)xy¦§
¦§iItv±hxye®¦~M{)iI{&w8xyhGi{Â)©CyM{Mh,itvi{s-)wy¶£¿xA¦~¶{viIwyQi{ÂtveAixysviM©CMw¥xysuxXM¦ofÊ2pwAMtX8svsv|¬y¦¬i©¸{
h,iIhD{vrst){Mil{iIsuwys²fp\±£iey­¤)iic}8xA|¬yXictveAip   M¦§)){|¬tveAhsf£&|¬tve¥,wAwA¦§|¬wAicM{Â)wxyti){)Q|§iw8t
)©)¦~M¾8ªµ&|§A|¬gI{viltr\Xiy)sfxXsuic |§w tveAi{v|§)|§wyM¦`wAwQªp   {Q|§iw8t&¦¬\)M©  X «²









 0  50  100  150  200



















t )w8tv{|¬yxQtviOt teAi")AA{­À\|§hti0ofÊ p ÂiIssu|~Mw )h,AxQttv|§)w +xywQ©¸){vtvxAwXtviI¦¬r&©¸){tveA|~s tvicst¶)svi)fteA|~s
)wyA|¨t|¬w £f)sf¤i{r{){viI¦¬r±st|§su©¸r\|¬ic|§wtveAi·y{sutfe\xAwXQ{vic|¨ti{tv|§)wXs²
dfeAiO{iIsvxA¦¬ts,£i¶A{vicsuiIw8t){vi)AtM|§wAic £&|¬tveßteAi¶wA)wA¦§|§wAiI){±)wMxAMtvi¶){)Q|§iw8t,h,\Ai¦-|§wysv|§QiteAi¥p  
)¦¬){|¨teAh¶²¹dfeAi¥MyA¦¬|~Mtv|§)w )©teAi or\{\ª"lh,))¾\xAw p  ¿£&|¬tve )h,A¦§iti¥su¦¬xAtv|§)w ;A£&w tv {)xAwX\ª³)Ã
iI{v{){)©sutMtviMwy))|§wt&|~s&h,icsvs©¸{)h»teAiÉCk¹sutMwXQX|¬w8tc²Cd>)tM¦>ÉCk ©¸{-M)|¬tvi{t|¬wys|§sIey)xA{s
)©f3  -¯£){¾\sutMtv|§)wZ² lwAisutti±su¦¬xAtv|§)wè)wXsu|~stsM©&MG)xQt8±t|¬h,isutviIysI>iIe"|§wy¦¬xyA|¬wAOwAi,htv{|¬À
iI¤M¦§xyt|¬w Mwy @())y|¿sv£¿iIiysI² dfeA|§sD{iIsvxA¦¬tsD|¬wßMG)xQt  " " sviIwyAsÉCk tv|§h,i)² dfeAi¶)­|¬w8tstti |~s
wA¦§r®MG)xQtIªM:()A|sv£iiXs)wy I6? " sviI)wyyslGiIIMxysviD£¿i,ey­¤i·AÀQiI¥tveyi±)xA{)r¶{QiI{l)©/teAi
£&ey)¦§iw\xAh,i{|§IM¦/ÉÊ5hDQQiI¦tv ·y{sutuª«){QiI{Â|§w"{QiI{-t {iIQxXitveAi,8stM©CteAitviIsutI² ' |¨teè))|¬tviI{Mtv|§)wysI




iI¤M¦§xyt|¬w3)wy  " ()A|Csu£iiIysI²dfeAi±))|§wtsvrQstih#|¬w\¤)¦¬¤iIs)wy¦¬r ;" ()A|Csu£iiIysI²'"i±y{vicsuiIwtteAi
{iIsvxA¦¬tl)©  " " |¬tvi{t|¬wysIX©¸{tv)t)¦CÉ/k )© " hD|§w\xQtvics²dfeAi{Q|§iw8tlQic{iI)sviIstMG)xQttveyi,sMh,i{Mtvi
s¿©¸){ftveyi)sviM©Cp  éÊ|¬X²  K²´µwA{Kt|§i)yMMªc)sutviIys   "=?;" h,|§w\xQtvics ¿£&|§¦¬¦ZGiiwy)xAe±©¸){-AiI{iIsu|§wA
sv|§)wA|¬·X)w8tv¦§r,tveAisutI²
p\|§wyi)h,A¦§itisttvisvrQstih{iIsv)¦§xQt|¬w |~s ;& I hD|§w\xQtvicsAtveAiQtv|§hM¦>sv)¦§xQtv|§)w£f)sf)AtM|§wAic±©¸{Â,sut
)©)XxQt  I sttiA¦¬xXs-8sttvisv)¦§xQtv|§)wysIA·y)xy{vi " t|¬h,iIsÂsuhM¦§¦§i{tvey)w©¸){ftveyip  ß)Qt|¬wZ²
/Ø½Æ Ì Ð Ì ÕäÓ Ì ÕKÏ Ö ÑéÕ
dfeAisv)h,iCh,itvey\|§sMAA¦§|§iItvf·ywAiI{>i)h,itv{rÂ£&|¬tve8))sveyMGiCy){)h,itviI{s>Mwy) \ AcsutMtvi/¤){v|~MA¦§iIsI²
Êy){tvey|§s-I)svi)Q,su|§wA¦¬i{vicsu¦¬xAtv|§)w)© y£ t)¾)iIs  h,|§w8xAtviIsI²lwAie\xAwyQ{iI )Atv|§hD|§¯IMtv|§)w |¨ti{tv|§)wXs¿£&|¬tveteAi
p   h,itveAQ tv\)¾DeA)xA{sÂÉCk²
' |¬tve¥tveAi)wAiª«sveAMtM¦§)){|¬tveAh¶`)w\¤i{)iwXi{Mtvics ;Ê|§y²=F -){vi{viIh,){v¾)A¦¬r¦§svitv X)tve¥tveA8sui)©¿p  
)h,AxQtt|¬wMwytveA8suilM©ZteAi){svi&h,iIsveZ²5´µwA{)tv|~i)GIsutviXs   eAxA{s C£&|¬¦§¦XGiiwAxA)e©¸{AiI{iIsu|§wA
sv|§)wA|¬·X)w8tv¦§r,tveAisutI²CdfeyMtf|~s-)M|§w±©¸{-,sut&M©MG)xQt  I sutMtviA¦§xys-suttisu¦¬xQt|¬wysI²

















 50  100  150  200  250  300
Gradient convergence
Ê|§)xA{iA°  ÂAA¦§|§Itv|§)w tvèMw )Qt|¬hM¦&sveyMGi¶QiIsv|¬w A{)y¦¬iIh é)OXM{Mh,iti{s \ Ac¶sutMtvi¤M{|§)A¦¬ics ²



























­   Ì ÓK×cØ Ì Ï Ë ÍÏQÓKÑ³æ  ÛlÍæ  àIìÏ Ì   ÍIÍ
	KÏ\Õ
UWV  _` cGa v` \f\ `
M{)isM¦§iA{)y¦¬iIh,sÂ)h,|§wA,©¸{)hÁ){ut|§)¦>l|¨Ã`i{iw8tv|~M¦ÄC}8xyt|¬wys-iwAiI{)¦¬¦§r{iIsvxA¦¬t-|¬w"X\{ÂwyQ|¬tv|§)wA|§wA




   	  Aÿ  
è Qÿ / þ  
  ¸ è  ÿ+/  ¡M* þ     ú ¡ þ ÿ(½  þ   
'3isviiI¾±tvhD|§wA|§h,|¬¯IiD©¸xAwytv|§)wy)¦ s   £&|¬tveO{iIsvXicKt-t±)lusvey)Xiy){)h,itviI{ m  ²&m¶{viA{iI|§svi¦§r)XMw¶|¬wy|¨t|§)¦
ihDitv{rpq 5 |~siI}8xA|§AGiI £&|¨te¤)icKtv{/·Xi¦~
 5 wA){hM¦Xtv,|¬tsXxAwyA){vr²  ©;)h,|¬¦§rM©A)hM|§wysWq,M©  |~s
XM{Mh,iti{|¬¯IiI±\r,Q|~svA¦§iIhDiIw8t   E  + q 5  M©>teAiG)xAwyyM{r±|¬wOQ|§{iIKt|¬w
 5 ²p\xyAX8suiteyt&teAisuttiiI}8xyt|¬w |~stveyi|§ssv)wA{vA¦§ih¶°
?   {!"!$#%G   ! "'&  + q  &
>it)(ºGiÂsvxAGA)hM|§wM© q ;|¬wysv|~Qikq©¸{¿Mw\r  )Qh,|~svsv|§A¦¬iK²5dfeAi&©¸xAwXKtv|§)wXM¦ s tvh,|§wA|§hD|§¯iÂ|§s¿Qi·ywyiI
\r`° s   !    G   ?* | <,+.-0/ |  } x &
 ß¦~)ssv|§IM¦\Q|¨È±xA¦¨tr©¸{)h,AxAtv|§wAÂteAi){)Q|§iw8t)© s h,iIs>©¸{vh*tveAif¤M{|§)A¦§i¿Qh,)|¬w|¬wtveAifsutti¿ic}8xyt|¬wZ²
'3ieA\svi©;)h,|¬¦§r)©Q|¬ÃGiI)h,){AeA|~svh,s 21    suxye tveXtI°
1 43 )v Tq 5 &  q  
1 76 86   969: & ;( &
dfeyiw|¬t&|§sGssu|§A¦§iÂtDAMAtfsv)h,i£¿iI¦¬¦`¾\wA£&w{iIsvxA¦¬ts{i¦~tvic,tv ){)XicQ|§)w slu|¬w8tviI{v|§){¤M{|§Mtv|§)wnmÂh,itveAQ
ésuiIi  Q³- )«  
*³-§ F«  M !¿MwX,tv,suey£xAwXQi{f{i)xy¦§){v|¬trDsvsvxAh,Qt|¬wys/w ! )wy + q 5 8tveXtftveAihMAy|¬wAX°
      x
|~s&w8tv|§w8xy)xysv¦¬r Q|¨Ã`i{iw8t|§)A¦¬i©¸{)h  E<  + q 5  |¬w  5 u E  (  ²´µwO©;KtcyteAi{Q|¬iIw8t-M©5tveA|~slh,)AA|§wA±|~s&teAisv)¦§xQtv|§)wO)©C±Â|§{|§eA¦§itlA{vA¦§ih £&|¨te¥wAwQª³ey)h,)iwAiI)xys
l|§{v|~eA¦§it-wyQ|¬tv|§)w¶iÀQA{iIssuics&©¸xywyKt|¬w)©>teAiwA){hM¦ZQiI{v|§¤t|¬¤il)©    Mwy M©tveAiG)xAwXAM{r±Gi{vtvxA{vª
Xtv|§)w>²('3i{iI)wA|§¯i|§w teAihMAy|¬wAX°
  + +      =  > ysvixyAMªµQ|¨Ã`i{iw8t|§)¦XiI{Mtv{¦¬8suitvtveAil|¬{|~eA¦¬ituªµj-iIxAhMwAwè¦~)ssu|~)¦wAi)²or¶tveAi±ey)|¬w"{vxy¦¬i s |~sM¦~su
A|¨Ã`i{iw8tv|~My¦¬iMwX|¬ts&{Q|§iw8t|~s&iÀ\y{vicsvsviI )s©¸)¦§¦§£-s°
s K  &   !  =  > + G  + ? +   + ? A 
?  
 5 B    + q
£&eyi{i@
?|~stveyiwA){hM¦`tv + qGAMwy     teAi©¸)¦§¦¬£&|§wA))|§wt-sutMtvi)°? .A    >!" | <,+-,/ | ?*G  B#z   >!D"C&  + q  &
dM¾\|§wA&teAi)D } svy)i¿)s>A|§¤)Mt5suX)iC©¸){5ÎÍÆXÑéØ½ÆXÏyÍÏ\Õ`){)Q|§iw8t>h,iteAQ£)xA¦~A{QQxyi/tveAi/©¸)¦§¦¬£&|§wA-|¬tviI{Mtv|§)w
 8 |~s&Gsv|¬tv|§¤)isti¶¦§iwA)tve.°
 ( !  ? 8 9 FE £&eAiI{vi 9 FE ! +   +   +   +   A 
?  
 5 B &
'3iysvi{¤)itveyMtI`stM{vtv|§wA©¸{)hÁA{i¤\|§)xys&|¬tviI{Mtvi  XiI¦¬wA)|§wAt  E  + q 5  G£iitl±){{vicKtiI  (tveyMt|~s-wA¦§r)©C{viI)xA¦~M{|¬tr   5 u E  + q 5  ²YlwAiAi){iiM©C{i)xy¦§){v|¬tr±|~sÂ¦§sutMtÂiIeO|¨ti{tv|§)w>X{iIsvxA¦¬tv|§wA±|§w¥tMt)¦y{vicM¾QQ£&w)©>teAi|¨ti{t|¬¤iy{vQicsvsfM©½tvi{-©¸iI£ sutviIys²
ãXä\ÅKÒ Ì ÅÆ`Ç Ì ÓKÓvÍÓÎÍMÆyÑ³ÓvÍ Ö I
 *Gssu|§A¦§isu¦¬xQt|¬wt,tveA|~s-Q{­£&y¾D£)xy¦§ XitA{iIwyQ|¬tv|§)wtveAi|¬tviI{Mtv|§)wZ°
 ( !  ? 8  9  E &
dfeyilAxy{vGsvil)©>teAisuiI¦¨©½ªµ)­|¬w8tf|¬w\¤i{vtv|§A¦¬i)Gi{t){   |§s¿tv,{iI¤)i{/tveAiQiI){iiM©>{ixA¦~M{|¨tr,¦§sut\rteAiD }
{Q|§iw8tI²´«t-|§sÂ©¸xywyKt|¬wyM¦¼A{iI)wyA|¨t|¬wAi{&sv|¬h,|§¦§){ftvDtveAiwAi|¬w8t{vQQxyiI |¬wteAi Zic)sut-pA}xXM{iÂ©¸{vhxA¦§Mtv|§)w
)© F«²
dfeAi¶hM|§w h,)tv|§¤­Mtv|§)w eAi{i |~stveyMt,tveAi¶wt|¬w\xAxys,M¦§){v|¬tveAh eys,")w\¤)iI{viwyi{Mtvi tveyMt,iI¤\|§QiIw8tv¦§r
A8icswA)t QiGiwX )w èh,iIsve su|§¯i²¹dfeAiw £i¥)w t{vr tv AxA|§¦§ sv)h,i®wysv|§sutviIwtA|§s{it|¬¯ctv|§)wßteyt£&|§¦§¦
ey)Gi©¸xA¦§¦¬r )w\¤)iI{viD£&|¬tve O{Mtvi±wyMtsv¥Q|¬ÃGiI{viIw8t©¸{vh tveAi)w8tv|§w\xA)xXs{tvi²®dfeA|~sh,iI)wysteyt Ì ÕÕ Ì ÆXÑéØ;Å Ö½Ö æ
Ð Ì Õä8åµØ½ÆGÇ Ì Ò Ì Æ`Ç Ì ÆyÑCÓÅÑ Ì ÕCh,|§)e8tGi)QtM|§wAiI¼²Êy{vhºQ|¬ÃGiI{viIwtf¤\|¬iI£ G)|§wtc\{vicM¦§¦XtveyMt|§w±teAil¦§|§wAiI){¿Gi{|¬QQ|~
I)svi)8ÊA)xy{v|§i{	 s/Mwy)¦¬rQsv|§sCsveA£-sCtveyMt¿)Gi{t){s5|¬w\¤)¦§¤8|§wA  ªéte){Qi{/svyMtv|~M¦XAi{|¬¤t|¬¤iIs/£&|¬¦§¦yey­¤i-i|§)iIw\¤­)¦¬xyiIs
)©5tveAi){Qi{-)© u > °tveAisvhM¦§¦¬iI{-teAiQiI){ii)ytveAiXituti{-teAi)wyA|¨t|¬wOw8xyhGi{c²fdfeyisutv{tviI)r £&eA|§eO£iy{vX8suil|§stAxy|¬¦~±teAi)Gi{t){   |§w¶suxye£f­r,tveXt  ú  ú   ¸   þ ÿ ú  þ /&* Q*¸  ÿ 
	 ú  ú G*¸ Q  þ 
  /é ú  > ú ¡ þ ÿ ½* þ     úOú    þ  ú  þ²

 "!$#%#%&('*)+,!-/.0&+!*1&2#,.(!43!*5#6&0789:.<;=5!>'8!*)+*?@#(BA83-DC u  + q 5  A$#&0?*!8.#EBA3GF0!*9:.0;GH9IA7&+.J&0.KI9A.0&+!*MLN ;5&2#GOP-A$5#:.0;QA.G.<;R78-#-3-I.S7&T9-3.<&
!UV.(!1'PW#73A*V'X3!UO/W5.(7Y'[Z\#I!*)0?U&2H\.0;]F0!*)T)
!_^`&2Ha#bZ5#[.KIOc#I*.
!* + q 5_d # !    r 9  E ^`;9 ?   r # ~ # ! 9  E
&2e^`;>&<3b;   r &f#R.<;:g"A[)+A83--h0ijI)E.<9A*OR&/!["9IA>.(!U9UL N ;:9-#kW$)0.0&T>HX9-3-!Ul7_&0.0&+!*7P&E.(9IA>.<&




    Dÿÿ(½   ú 
  ¸   ú  ú  > ú ¡ þ >ÿ(½* þ  ú 
 &yQ|¨t|¬¤ihxA¦¬tv|§¦§i¤)iI¦/A{iI)wyA|¨t|¬wAi{sey­¤)i,GiiIw |¬wA|¬tv|~M¦§¦§r3QiI{v|§¤)ic3|¬w OQ|~s{itvi±)w8tviÀ\t©¸){sv)¦§¤\|¬wAOiI¦¬¦§|§Qtv|~
5){ut|§)¦-Â|¬ÃGiI{viIw8tv|~M¦ÂsvrQstihs£&eA|~e M{i tr\A|~)¦¬¦§r )©sviI)wyß){QiI{D{M©i¤iw ){Qi{c²  -w iÀ\tv{ih,i¦§r {|§e
¦§|¬tvi{txA{iiÀQ|~stsD)w teA|~st)A|~M² dfeAi ey|¬iI{){eA|~)¦/ysu|~sDh,itvey\ £f)s·y{sutMwy)¦¬rQsviI \rY/svi{iw8t)wtD|¬w eA|~s
y|¬wAiiI{v|§wA¥XMGi{ 
F³² dfeAi £){¾3M©j/svi{iw8t)w8t£f)sDMAy){viIw8tv¦§r3h,)tv|§¤­Mtvic \rètveAi ©;Mh,xysDxAwAAxAy¦¬|~sueyiI
tiIeAwy|§IM¦{iG){vt)© ofMwy¾¥MwyèlxAG)w8t  ³²  ºh,{vih,A¦¬itviDtveyi){r®£f)sA{)GsviI¥\r o{)hA¦§i)sv|§)¾
)wy1lx  *³  ) ³²p\ii,M¦~svtveAiD£f­¤)i¦§itliÀ\tviIwysu|§)wXsX©¸){iÀAMh,A¦§i|§w    «²  Âw¥iÀ8tiwyAiIOteAi{vr¶)w®Gi©¸xAwy
|§w   FAG\*«²dfeAiDAxA{X8suiDM©CteA|~ssviItv|§)w"|§sltv{iI)¦¬¦5sv)h,i{iIsvxA¦¬tslM©  8 ¬­*|¬w3±©¸{vht)A)QtvicOt xA{
yxA{vGsvi)²Êy){-sv|¬h,A¦§|§|¨trA£isutMtvitveyih|§wtveAiI)sviM©l|§{v|~eA¦§it-G)xAwyyM{rwyQ|¬tv|§)wysI²
>itq XiÂ{ixA¦§){CsuxyGQhM|§w)©   ² Zit C u  q  tveAi-xXsuxy)¦yp\)G)¦§i¤DsuX)i&)wy  ! C u5  q  |¬tsCsvxAysvyi)©/©¸xAwXKtv|§)wXs¤­)wA|~sueA|§wA¶tG)xAwyyM{r + q²´«t|§s|§wy¦§xyQic3|¬w C ! D }  q  A|¬¤MtsuX)itveyi,s)¦§){ly{vQQxyt)wy wA){hM©5£&eA|~e){viQiIwAMtiI \rG°
 /  ! n  /  $ # "  " ! Y ur }
>it 4 -  -  5[ u  Xi,sviI}8xAiIwyiM©5Q|~sv{vitv|~svMtv|§)w¶suxAXsuyics¿)©  °
 5][k>  - k[>'
dD·AÀteAi|~QiIsysvxAysvyiIs  -  s&)wGiwysv|§QiI{vic sfAxA|§¦¨t&©¸{)h wAiIsutvic¶}xX)sv|¼xAwA|¬©¸){hh,iIsveAiIsf£&|¬tve¶h,iIsve
sv|§¯i)°
 -  5 - &Êy){-Mw\r / £i|¬w8tv{QQxyilteAi·ywAiªétMªµ8M{suilA{v)iItv|§)wXiI{Mtv{ )-  T?   -DQi·ywAic©¸{-M¦§¦ B  8r
 5 u  ! " # )wy©¸){_/ C "  6-  / !% /  3 /   - &
I   Ì ÓK×cØ Ì Ï Ë ÍÏQÓKÑ³æ  ÛlÍæ  àIìÏ Ì   ÍIÍ
	KÏ\Õ
>it )   "G  @  Mwy   < Qi·ywAiI\r`°
  < ! E %-  5 2  <.3
-   - ?  - 5 u 8&    
>it  GiMw¶i¦§ih,iIwt-)© C5  q  MwX0suxXeteyt ?  @  $  $  @  ²/É¿)wXsu|~Qi{fteAiwOtveyi){ih |¬w8t{vQQxyiI|§w ¬­*«°
	 
 
g/U.  '8@#kW3b; .<;QA>. ?  @  $  $  ~ ) $  @  L N ;I .<;X!["9IA>.(!*9   &f#w'!8W$B7871F+9-!UO C5  q  &2.(!C  E <5  q %s &TRBA*9.<&03kW$)+A*9 s .0;I9-G&2#k.0#x.K^`!x"!$#6&E.<&E?U W$O|'I9I#SA*l7 w #[W3b; .<;QA>.MF0!U9 A*)2)   C 5  q %s ^` ;QA?U
 "  "  $ "   <  "     $ w "  "  & }
dfey|§s-sutMtviIhDiIw8tlsuey£-sftveyMt&tveAi)Gi{t){   eys-suh,\MteA|§wAA{)Gi{vtv|§iIsfteytlIMw¶Gi}8xyMw8tv|¬·yicO)s-,8M|§w|§w
{ixA¦~M{|¨tr²/dfeA|~s-)|¬w¶|~s-iÀQKt¦¬r ) ²´«tlIMwOGiA{iIs{|¬GiI\r±teAixysvi{Â|¬wO{QiI{ftv±y{vic)wXQ|¨t|¬wOMw¶)Gi{t){
eX­¤8|§wA ) )s{i)xy¦§){v|¬tr¶¦¬8svsI² '3iD|§w8tv{QQxyiD|§w¥teAi,wAiÀ\tsuicKt|¬wysltveAiM)¦§)h,i{t|¬wQª«y)sviI¶wysutv{xyKt|¬w®M©
teAi  -svyiIsI²
   *   ú ¡ þ ÿ ¸  þ      û  þ ÿ ú   .  þ 
 ú ­ A  þ 
dfeyixXsuxy)¦ of`A{iI)wyQ|¬tv|§)wyi{fiIssuiIw8tv|~M¦§¦¬rwAiIiIAsfiIhGiIAAiIh,iIsveAiIsteytÂ){viwA)t&)h,yMtv|§A¦¬i£&|¬tvetvQA­r  s
iIwA)|§wAiIi{|¬wA)AA¦§|§It|¬wys8su|§wyiftveAicsuiMAA¦§|~t|¬wys{i¦§r)©½tviw)wxAwysutv{xytvxA{iI·ywAilh,iIsveAiIsI²dfeyiÂ)A)QtMtv|§)w
)©of`tv±M{A|¬tv{M{r,·ywAih,icsueAics&£f)s·y{st¦¬r A{)GsviI|¬w  M«y£&ey|§etvxy{vwys&tv±Gi,{MtveAiI{-st{)|¬e8tu©¸){£fM{
£f­rètv AMAt±|¨tt )Qt|¬hxAh A{)y¦¬iIh,sI² '3iOA{vicsuiIw8t,wy£tveyiOh,)|¬w ¦§|¬wyiIs)©lteA|§s±A{vQiIQxA{i)² dfeyi¶·y{sut
sviItv|§)w¥AiIs{|¬GiIsltveyiDI)svi)©¿)){)h,iIsveZ²dfeAi,suicwy®sviIKt|¬w"AQ{iIssuics-teAiXM{vtv|~xA¦~M{l©¸iIMtvxA{iIslM©
)w xywA¾\wA£&wAi·ywAic)w¶wy)wQª«A¦~MwAisvxA{u©;iQ|~sv{vitv|~suic\rt{v|~Mwy)¦§iIs|¬wO²
ÝOÏ Ö Ñ³Ø;ÇØ½Ð Ì ÆAÕKØ;ÍÆ`Å Ö á¿çcç Ö ÍMÐ Ì ÓvÅMÑéØ;ÍMÆ
'3istM{vtl©¸{)h ·ywAiDt{v|~MwAxA¦~tv|§)w¥){tvitv{MeAicQ{v|§¯IMtv|§)wZ`£&|¬tve3wAQQiIs¦§QMtviI"t¤)iI{ut|§iIsI²dfeAiQ|~sv{vitvi
·XwAi¦¬iI¤)iI¦¼|§steAisuxyysuX)i)©¦§|¬wAicM{-)hy|¬wyMtv|§)wys)©   sveyMGi©¸xAwyKt|¬wysI°"!	# !   )  $&% '  6 !*Jk[ (#*)²
  AxyM¦\·ywy|¨tiª«¤))¦§xAh,i-iI¦¬¦ w '¼|~sCQi·ywAicD){vxAwyiIe¤i{vtviÀ 6>\rsvA¦¬|¬tut|¬wyiI)e,wAiI|¬e\X{v|§wAi¦§ih,iw8tC£&|¬tve
h,icQ|§)wOA¦~MwyslMwy¶¾iiy|¬wA±svxAGi¦§ih,iw8tsÂw8tM|§wA|§wA¤)iI{utiÀ 6²-dfeyi¤)¦¬xAh,i)© w ' |§slQiwyMtvic,+  )   6  ²-! #
|~sfiI}8xA|§AGiI£&|¬tvetveAi©¸¦¬¦§£&|§wA,£¿iI|¬etiIsvIM¦~M{A{\AxyKtc°
3  # )   / #  ! #  #  / #  # ! /. '  #  '  / #  ' +  )   6     
dfeAi))¦¬hDiI{Mtv|§)w±y{vQicsvs{i¦§|¬icsf)w¶DyM{vtv|¬tv|§)wM©tveAisvit 10 ! $ ;k[k  6 [k[  (#1))©>·ywAi|§wyQ|~ics 6²
 0 !+ u2 [k 2 3 2 [k 2   E .   } #54  #  c 
£&eyi{if)w\r  3 |§w\¤))¦§¤)icstveAi-|§wyQ|~icsM©¼©¸i£ wAiI|¬e\XxA{v|§wAwAQQiIsI² -wM¦§){v|¬tveyh¹©¸){CyxA|¬¦~Q|§wAsvxyeyM{vtv|¬tv|§)w
IMw3Xi,©¸xAwy3|§w   ³²ÊA{Mw\r  3 ¶8M{suiI{lX)sv|§s©¸xAwXKtv|§)wè|~sQi·XwAiI3\r`°76 3 ! '98:; %<'ÂMwy¥tveAi±){svi{
svyi|§sf|¬¤iw\rG°
! } # !%< )  $=6 3  ! J[k  } #*)
dfeyi¦§|§wAiI){&A{v¦¬wAMtv|§)w )Gi{tv{I ,Q©¸{)h>! } #Dt?!	#,|~s&Qi·XwAiI\r
3  } #  ! } #   } # !' } #  !	# & *
´«tsl­)|§w8t  ( |~sÂtveAi{vicst{v|~Kt|¬wXiI{Mtv{&©¸{vh@! # tA! } # `MwXO|¨t|§slQi·XwAiIO¤\|~ »)sÂ|¨tsl­)|§w8tÂ£&|¬tve{iIsvGiIKtft±svIM¦~M{A{vQQxXKt   \rG°
  (  # 3!
/.
BDCFE 3
 #  B C +  )   s : 
+  )  Y ­ 
ãXä\ÅKÒ Ì ÅÆ`Ç Ì ÓKÓvÍÓÎÍMÆyÑ³ÓvÍ Ö c
Ê|§)xA{iQ°fp\¾iteOM©5tveAiDM)¦§)h,i{t|¬w )©©¸xA{-·XwAi³M -iI¦¬¦~sI w B u w B }  w B   w B  |§wt ±){svi{&wAiw 3 !w B u 2 w B } 2 w B  2 w B 
£&eyi{i  |§sM{svii¦§¦³ s :M{i·ywAi,iI¦¬¦~s-|§wy¦¬xyAiI®|§w  ² +  )  Y {iy{vicsuiIwts&teAih,iIsuxy{vi)©/8M{suii¦§¦ ²
´µwèwt{st£&|¨te¥teAi,xysvxyM¦ )¦¬iI{v¾\|§w¥wAicstiIO·XwA|¨ti,i¦§ih,iw8tsuic}8xAiwyi)`teAi,A{viI¤\|¬xyssuic}xyiwyi)©¿suX)ics
iwAiI{Mtvic±£&|¬tve¶tveyitv{Mwysu©¸i{sT)wy(Q\iIs&wyMt-ey­¤iliIwA)xAe¶{viI)xA¦~M{|¨tr,©¸{Âp\iI)² teAi{vr²CdfeA|§s-|§s&{i¦~tiI
tteAiÂ©;Kt¿tveyMt¿teAiÂ{QiI{s/M©>xy{rDM©¼tv{MwXs©¸iI{s/ey­¤)iÂsuxyhic}8xyM¦Xtv ~ k!  \wA)tsutv{|§tv¦§rD¦~M{)iI{tveXMw
 AsuiIi  M³²
>itxystveAiIw Qi·ywAi  
 þZþ  ú "   / ú  ²OdfeAiwAiIiIssv){vr¥svh,\MtveywAiIss|~s{iI¤i{iI"\r¥|§wt{vQQxX|§wA¥lvsvhD\)tveA|§wA)Gi{tv{ m D3)wy|¨tsC)­|¬w8t D ( £&|¨teD{iIsvGiIKt5ttveAi-Q|~s{itvi D } s)¦§){5A{vQQxXKtI²5dfeA|~sCsvhD\)tveA|§wA
XiI{Mtv{|~s&Mw¶­¤)iI{))ilXit£¿iIiw¶,wAQQiMwy|¬tsfwAiI|¬e8G){sI²´«t-£&{|¬tviIsI°
 D  ' !% _?4 ' ~ B 8
	  '   ' +  )   s j B
B 8
	  '   '
+  )   s  c 
£&eyi{i  6  {iy{vicsuiIwtsftveyisvitl)©wAi|§)e\G){s&M©/i¦§¦ 6fMwy  |§s-tveAiDsuh,\MteA|§wA±y){)hDitviI{I²-dfeAi)­|¬w8t D (
)© Dß|~s-Qi·XwAiI\r`°  D (  ' !  8? ' ~ 
B 8
	  '   '
 B +  )   s -&8
	  B   B  +  )   /  &
I%
dfeyi){svil¦§i¤i¦  -|§s&yxA|¬¦¬t&©¸{)h  -E u s©¸)¦§¦¬£-sI°
 - ! D- - I -E u  ­ 
p8tM{vtv|§wA ©¸{vhÁtveAi,|§wA|¨t|§)¦·ywAisuX)itveXt£¿i,QiwyMtvi   ¼£i,Qi·ywyiteAiMwy)¦¬±M©¿tveAiof`ºA{MiItv|§)wXiI{Mtv{ ³Q² y²  Ctv,teAiQ|§{vicKtv¦§rM{svi{¦¬iI¤)i¦Zs©¸)¦§¦¬£-sI°

 ! D     ( D ( F 
)wy©¸){-Mw\r){svi{¦¬iI¤)iI¦é°
6- ! 1 '2 '2 -E u D'<'j1 B  -E uB    (B D (B &   
 Êy{vhºtveA|~s&£i)itc°
  < ! -  5
7 2  < 3 - ? 2  <.3 - 5 u 8 6- &    
´µw¶A{)tv|~i©¸{-Mw\rp$   < $O|§s&)h,AxQtiI£&|¨teA|§w¶DxAwy|§}8xAir\¦¬i©¸{)h»·XwAitv±M{svilMwX X)¾`²
F   Ì ÓK×cØ Ì Ï Ë ÍÏQÓKÑ³æ  ÛlÍæ  àIìÏ Ì   ÍIÍ
	KÏ\Õ
É)svi lQtI²´«ti{c² ©¸xAwytI²  {Q|§iw8t 
Élyj J   yAm ) ) I A²  A² 
É A{vicwyQ|¬tv|§)wAic¼Qj J   AAm ) )) I A² M A² M
Élyj )QQm J;Q ) I A² ;F A² 
É A{vicwyQ|¬tv|§)wAic¼Qj )AQm J;\ ) I A² ) A²§
dMA¦§i,)°ã`ÍMÆyØ;Î 	ÍIÍMÐÁÍKÒXÑ³Ø½ÐØ cÅÑ³Ø;ÍÆÓ Ì ÕÏ Ö ÑÍ÷±Ø½Ñ Ì ÓvÅÑ³Ø;ÍÆyÕÍ  Ë
	
É)svi lQtc²5´«tvi{c²  {Q|¬iIw8t  p\GiicxA
ÉlAj J   AAm ) )) ­ A²§
É A{iI)wyQ|¬tv|§)wyiI¼Aj J   yAm ) )  A²§ 
ÉlAj )AQm J;\ ) c) A² )
É A{iI)wyQ|¬tv|§)wyiI¼Aj )QAm J \ )) ) A² M 
dMA¦§iQ°ã¼ÍÆyØ;Î	ÍIÍMÐÁÍKÒXÑ³Ø½ÐØ cÅMÑéØ;ÍMÆ Ì ÍÓKÑ ÍÓÇMØ½×IØ;ÇMØ½Æ8çÑéä Ì ÎÍ­ÕKÑy	æ±ô
á¿çcç Ö ÍMÐ Ì ÓvÅMÑéØ;ÍMÆÍÓDÅ,ÕKÏQÓ Å)Î Ì Ø½Æ  
'3i{vitvxA{w tvDtveAiwA)tMtv|§)wM©>teAiA{i¤\|§)xysfsviIKt|¬wysI² >it 5 GilteAitvicsvsvi¦~tiI |¬wy|¨t|§)¦Z)¹svxA{u©;iQh,Qi
)©¿t{v|~Mwy)¦§iIsI² dfeAi±iwAiI{v|~Q|~sv{vitvi±svxA{v©;)i)"|§sAi·ywAicè\r3  ª³¦§iwyMtve3t{)wysu¦~t|¬w")©ftveAi±¤i{vtv|~icsM© 5
)¦¬wA,¤iItv){ 
5A£&ey|§e¶|~s ;MyA{v­ÀQ|§htviI¦¬r /wA){hM¦`t 5 )wyQi·ywyiI¶t-ic)e¤)i{vtviÀ¼°

$  ' |§s-D¤i{vtviÀ±)©  
$  ' ! 
$' ~  6  
 ' &    
Âi{i)6|~s/tveAil|¬wyAiÀM©`tveyiÂ¤)iI{utiÀMwy 
$ ' |~steAiÂye8rQsv|§IM¦XX8su|¬tv|§)w±)©`tveAil¤)i{vtviÀD)© 5 £&|¬tvesMh,i-|§wyQiÀ 6²´µw
{Ai{tvA{iI)wyQ|¬tv|§)w,{v{iItv|§)ww  M£i&Mw,wysutv{xyKtCsuic}8xAiwyifM©¼suyics)wy)Gi{tv{s©¸¦¬¦§£&|¬wyÂteAi





$  ' !  8? 
$ ' ~ B 8
	  '   ' ' B 
$ B
B 8







' B !      ). 6  
 '    ). s  
 B W" " 
 ' " !  3 6 & éA*
' |¬tve3teA|§s©¸){hxA¦~A¼teAisvh,8)tveA|§wA¶|~sMwXi¦§¦§iI3)w3)iI)h,it{vr®sveyM{èMwA¦¬ics¸i)² y²w"£&|§wA¶t{)|¬¦§|¬wyicQ)ics ²
dfeyi{iIsut)©/A{iI)wyQ|¬tv|§)wyi{Qi·ywy|¨t|¬w¥|~sÂteAisv)h,i)s|§w¥A{i¤\|§)xyssviIKt|¬wZ²dfeAi,svhD\)tveA|§wAXM{Mh,iti{  |~s
svitft u} )){Q|§wAt,tveAi)wyM¦§rQsu|~sM©  ³²>it&xys¿©¸Qxys)wtveAiAMQtt|¬w±M©ZteAiA{)GsviIhxA¦¨t|¨ª«¦§i¤)iI¦`A{vicwyQ|¬tv|§)wAiI{/tD)w)Atv|§h,)¦¼suey)XiQicsu|§)w
¦§\)Z²
UWV  ^k^k`aYb<]cGa dfe,cnd cG[8\ n[8]^J\8\ nafe ^Gd=` \ i
 lsiÀQA¦~M|§wAiI"MG¤)i)`{Q|¬iIw8tlh,iteAQAs|¬w3)Atv|§h,)¦suey)Xi,Qicsu|§)w"wAiicO©¸xAwytv|§)wy)¦A{iIwyQ|¬tv|§)wA|§wAX`AxAiDtv
¥¦¬8svsM©Â{ixA¦~M{|¨tr"|¬w tveAi){)Q|§iw8tc²¥´µw teAiI)svi)©&tveAi¶ÄxA¦§i{DiI}8xyMtv|§)wysI5tveAi¦§ssM©ÂAi{|¬¤t|¬¤i)CIMw Gi
Ai{|¬¤iI|¬w®©¸){h,)¦Z£f­r±©¸{)h Â)yMhM{\ª³tr8Gi©¸){hxy¦§sysvii  \*³XXiI|¬wy±iI}8xy)¦Ztv¥)²&d>±tviIsut-teAiA{)GsviI
|~Qic)sIM£¿i-)wysv|~Qi{C)M|§wsvey)Xi&Qtv|§h,|¬¯ctv|§)wDiÀA)hDy¦¬if©¸{CMw jÂÄC   m F£&|¬wyyeyiI¾\|¬wysvi¤i{M¦\)Atv|§)wysI²
dfeyi }8xAiIsutv|§)w |§stv")QtM|§w |¨t,|§w tveAih,sutiÈ|¬iIw8t£f­r)Mwy |¬w yM{vtv|~xA¦~M{tv3Mwy)¦¬rQsvitveAi|§hDX)KtDM©-xA{
y{vic)wXQ|¨t|¬wAi{c²
jÂiÀ\tIQ£ilsveA£ tveXt/teAi)Qt|¬hM¦`y){)h,itviI{ )!  A{vicQ|~Ktvic\r,tveAiltveyi){r,Mw Xiw\xAh,i{|§IM¦§¦¬rD¤)iI{v|¬·yic¼²
'3i·y{sutÂstxyQr tveA|~s-£&|¬tve®±){svihDicsueOQ|~s{itv|§¯ic)ih,itv{r)y|¬w\¤)¦¬¤\|§wA  ;" wAQQiIs-©¸){&teAih,iIsveZyyxQt



































Ê|§)xA{i   °FjlÄC5  m FÂsvey)Xi)Qt|¬h,|§¯IMtv|§)w£&|¬tve,)wMxAMtvi/{Q|§iw8th,iteAQ¼° >i©½tcJ{Q|§iw8t5)w\¤)iI{viwyi)²
-|¬etcXÉ¿sutf©¸xAwyKt|¬wZywXs  )))
rit  " sueXMGiyM{Mh,itvi{sI²/d>£)Atv|§hD|§¯IMtv|§)wOM¦§){v|¬tveyh,sÂM{i)AA¦§|¬ic¼X,{Q|§iw8t ;Ê|§y²   fMwXO)wMxAMtvi
{Q|§iw8t éÊ|¬X²   K²dfeAiw8¤i{)iIwyiM©/teAi,){)Q|§iw8t|¨ti{t|¬w3IMw3Xi,i¤)¦¬xyMtvic¥£&|¬tve3tveyiDiI¤)¦¬xQt|¬w")©/teAi
{Q|§iw8t>wA{vh¶²dfeyiI)sviC£&|¨teA)xAtA{iI)wyA|¨t|¬wA|¬wyÂ|~sZteAiI)svi/£&eAiI{vi )!#" ²5dfeAiw)w\¤)iI{viwyi|§steAisv¦§£¿icst
)©/teAi±Q|¬ÃGiI{viIwtQtv|§)wystiIsutvic¼²CM¦§xAiIs¦§|§¾)i )0! "G& I  )0! ;& I  )0!  &  )0! & A{¤\|§AiD\\"suGiicQxAysI>|§w
XM{vtv|~xA¦~M{©¸){5teAi  " ·y{sutC|¨ti{tv|§)wXs²dfeA|§sCX|¬w8tC|~s5|¬h,G){vtMw8t5©¸){CtveAi-sveyMGi&QiIsv|§)wD¦¬\)Xs5£&eA|§e>)|§wDy{Ktv|~i
































sviI)wy®hDicsue3£&|¬tve  I   wAQQics²dfeAi,w8xyhGi{M©¿svey)XiDyM{Mh,itvi{s-|~s     GsveA£&w¥|§w"Ê|§y²§I Mwy"Ê|§y²§)²
dfeyiD¤)¦¬xAi ) !  & MAGiI){s)M|§wè)sw\xAh,i{|§IM¦§¦¬r®Qtv|§hM¦³²,´µw"teAisui,M©¿tveAi±)wxyti,){)Q|§iw8tIZ8Q
svey)Xi|§sDQt)|¬wAic |§wß)XxQt " |¬tviI{Mtv|§)wysI² dfeAiO)svi)© )z! & QiIsvi{¤)icssv)h,i¶)h,h,iw8ts² ´µwyAiiIZC|¨t|~s




























'3ih,A¦¬itviteAiMG¤)i)w\¤)iI{viwyilxy{v¤iIsf\r dMysI²A² D)wyOQ² D£&eA|§eO)h,yM{itveAiiÈ±|§iwyr)©teAi
y{vic)wXQ|¨t|¬wAiIM¦§){v|¬tveyh»tvDtveyistMwyyM{wAi|¬wtveyiA{)Kt|§IM¦¼sui£&eAiI{vi)w\¤)iI{viwyiÂ)©Qtv|§h,|¬¯ctv|§)w¶|~s
wyMtCwt|¬w\xAich,{vi¿tvey)w  " |¨ti{tv|§)wXs²´«©Gic}xy|¬¤M¦§iw8t¦§i¤)iI¦§s)©Gw\¤)i{)iIwyiM{isu¾iI©¸{vhX)tveM¦§){v|¬tveyh,sI
teAiw )w3iI¦¬iI{Mtv|§)w®)© ©;)tv{ I |~sAxQt|§w3i¤\|§Aiwyi)²,´µw  \*tveAiy{vX8suic®A{iI)wyQ|¬tv|§)wyi{|§s)AA¦§|¬ic"tv
h,{vih,A¦¬iÀ)iI)h,it{v|§iIsI²
ãXä\ÅKÒ Ì ÅÆ`Ç Ì ÓKÓvÍÓÎÍMÆyÑ³ÓvÍ Ö   
   
 M     NQP&      
      
´µwteA|~ssviItv|§)wZ­£i/MAy¦¬rltveAiwt{v¦tveyi){rQi{|¬¤iIl©¸){hM¦§|§svh tv-h,iIsveAMQt|¬w£&|¨tetveAi/t){vit>)©\{iIAxy|§wA
teAiw\xAh,i{|§IM¦`i{{){f|¬wOQ|~s{itv|§¯icy{vA¦¬iIhsv)¦§xQtv|§)wysI²
WVYX  \ G\ iT] 
	  ] 8]^8cGa f\ b<de \  C\ ekb<\ _]   aY\  





sv)¦§xQt|¬w   ²CdfeAiwtveyihDicsueO)w\¤)iI{viwyiÂ){QiI{ t Mw¶GiiÀQA{iIssuic±|§wtvi{hsfM© #)wyM©tveAiA|¬h,iwXsu|§)w)©i)h,itv{|§IM¦¼suX)i  ;eAi{i ,!   °
 $ w     




J!*5#%&<789A*Y&T.KI9K"!*)fA>.(!U9:!*F 9--A$)fh6?-A*)EW7aFKW$l3k.0&+!*5#,!*F !*P?A$9%&+A>'$)+ s ^`&0.0; .<;k!U9-U.<&03IA$) !U9k78I9:!*FvA3[3kW9IA3bZ t Lg/U.  AD&
3-U^`&f#IS9-rHW$)fA$9vFKW$l3k.0&+!*Y^`&0.0;!*7&f#-3-!U.<&2W$&0.2ZL N ;I s W$>&2F0!U9rO 9->IOPI.3!*?*I9%Hl3]3IA$ '!*F!U9k789DA>. OP!*#k.qw&T D } LPt.0;w3!*.09IA$9bZ s ^`;IA*  yÿ    ú I Q ú  û &2#]A[5)T&
7 s .<;w3!*?UI9%Hl3!*9[7I9G3IA$ 'DA$#v;>&TH_;1A$# t L
´µw±sveA){vtIMw)A)Qtv|§¤)i&sutv{ti)rMw©¸){ifteAi-svxyiIssu|§¤)ifh,iIsveAiIstvGi   LE u  ·ywyi{CwAicM{teAi-Q|~sv)w8tv|§w\xA|¬tr
£&ey|¬¦§ixysutt£&|§i·XwAi{|§wè{viI)xA¦~M{y){uts²dfeAiIw3tveAi¦¬yM¦5i{{){|§s   tv|§h,iIssvhM¦§¦¬iI{IZ£&ey|¬¦§i,tveAiw\xAhXiI{M©
wy\AiIsf|~s&iIssuiIw8tv|~M¦§¦¬r±QxAA¦§iI¼²´«t&©¸¦¬¦§£-s¿tveyMt&tveAih,itveAQ|§s-M©{Ai{ t ²
* G   Q  û ¡  > Z 






)hA|¬wXtv|§)w )© -icsvsv|§)w i¤)¦¬xyMtv|§)w )wy Mwy|§svMt{vA|§,h,icsue {iI)wysutv{xytv|§)w £&|¬tve )w8tv{)¦/)w teAi h,icsue sv|§¯i
 8` «²´«tviI{Mtv|§)w®Git£iiIw"CÄ su¦¬xQt|¬w")wy®h,iIsve"AMAtt|¬w®|~sl)AA¦§|¬icO©¸){±·AÀQiI®w\xAhXiI{  M©¿wAQQiIsI²
jÂiÀ\tI5£isutvxyQr"tveyi)QtvxA{i±)©&¶G)xywyAM{r¥¦~­r)iI{|§w ®suxyXiI{sv)wA|~Dtvxy{vAxy¦¬iIwt y£ºy)sut XMtA¦~tvi²OdfeAi








{teAi{svh,)¦¬¦/w8xyhGi{M©wAQQiIs ¸h,iIsveAiIs·XwAi{teyMw cA )wAQQiIs K² lw"tveAi)tveAiI{eyMwX¼ZteAi±MwA|~svMtv{)y|§
sutv{tir)|§¤)iIsfsviI)wy\ª«){QiI{)w\¤)iI{viwyilM¦§{iI)Ar,©¸){_Fy )wy\AiIsI²ÂtveAiI{&iÀAMh,A¦§iIs&){viA{iIsviw8tvic|§w     ³²
* G   Q­ ú  / þ  ú  ú 



















jÂxAhGi{M©\wAQQiIsZ|§s>{vic))w$AªµÀQ|~s D } )AA{­ÀQ|¬ht|¬wliI{v{){`w:ªµÀQ|~s²Z)sve¦§|¬wAiC){{vicsuG)wX-tÂsuicwy\ª«){Qi{
)w\¤)iI{viwyi)²lw¶¦¬i©½tlsu|~Qiy{ssuicsf){{iIsvXwyt±Dsvi{|§iIsfM©)yMQtiI |§svMt{vA|§)h,AxQttv|§)wXsy)wysuic)wX\ª
{Ai{¿)w\¤)iI{viwyi&|§sysuiI{v¤iI,wA¦¬rD©¸{¿h,iIsvesv|¬¯IiIs¿¦§){vi{/tvey)w  " ";" " ²Flw{v|§)e8tsv|~Qi)Q{ssviIs/){{vicsuG)wXDtv
suiI{v|§iIs/M©AMAtviIMwA|~su)tv{)A|~-)h,AxQttv|§)wXs\Mwy suicwy\ª«){Qi{/)w\¤)iI{viwyi&|§sM¦§{iI)ArysuiI{v¤iID©¸{¿h,iIsve
sv|§¯iIsf¦~M{)iI{/teyMw  ";";" ²
j 
N ;@!*9[7I9!UFj3-!U?U96H>Il3- t &2 D  !UFA$ &f#I!.<9-!-&03A87Ak/.<&E?UOP#%; OPU.0;!>7m%p s A[5)T&
74&2t7&2OPI5#%&
!U  .(! u h<&2.KI9K"!*)fA>.(SAP7&2#[3!*.<&2W8!8W#vFKW$B3k.<&
!U4&f#]'8!W$l78U7'-Z d
t $  @ 6?  &
dfeAiI{vi©¸){i)X|§svMt{vA|§hDicsueO{i·XwAih,iw8t|§sl±{tveyi{-|§wAiÈ±|¬iIwtA{\iIQxy{vi©¸{Â|§w8tvi{G)¦~tv|§wAA|§swt|¬w\xAxys





WVU  \hc  aYb']je  aYec\ G^Jdf`Y]cGaYdfe
*   . þ G   þ >





 ú I;¡ )wO,|¬¤iwOsuitlM¦§¦§£-stv±Qi·ywAiteAiQ|~stMwyiGit£iiwt£M©iIe iI¦¬iIh,iw8tsI²'3isveyM¦§¦IM¦§¦>
h,itv{|§w¶tveAi|¬w8tviI{v¤)¦   )   ést{v|~Kt¦¬r -X8su|¬tv|§¤)i)w8tv|§w\xA)xXsf©¸xAwytv|§)w +  $  +  $  Ai·ywAicO)w   ). ²f´«t
svGiI|¬·yics\©¸{-Mw\r  Mwy  £&|¬tveA|§wtveA|~s&|§w8tvi{¤M¦³\tveAi¦§iwyMtve¶)©svi)h,iIwt   )s©¸)¦§¦§£-s°
D	   Gj!  


 +   '  é 
>it>xys>)wXsu|~Qi{Zfh,icsue)©8|§w8tvi{¤M¦   ). £&|¨tejèwAQQiIsI²>´«tZ|~s>&svxA`Q|¬¤\|~su|§)w$ 5 ! ) A $ uv & && $' A $'E u  & && $  5 u A $  )©teA|§s-|¬w8tviI{v¤)¦é²  )wXsuic}xyiwyi)©teAiMG¤)iQi·ywA|¬tv|§)wO|~sftveXtÂ,h,it{v|~)wy{vicsv{v|§Xi,y){ut|§xA¦~M{&¦~)ss)©Ch,iIsveAiIsI²-´µwyQiIiI¼`£isveyM¦§¦s­r tveyMth,iIsve¥)wQ©¸{vhs&th,it{v|~5+ |¬©¿MwX¶)wA¦§r¶|¨©teAi©¸¦¬¦§£&|§wA{viI¦§Mtv|§)w
©¸{ftveAixywA|¨tM{r±i¦§ih,iIwt&¦§iwA)tve¶eA¦§AsI°
 > >   +  $ ! ; ©¸){-)w8ri¦§ih,iw8t   $ '  $ ' E u 
ãXä\ÅKÒ Ì ÅÆ`Ç Ì ÓKÓvÍÓÎÍMÆyÑ³ÓvÍ Ö Q
jÂ£ |¬©£i|¬w8t{vQQxyitveAi¦§QM¦Z)w8tv|§w\xA)xXs¿h,icsueOsv|¬¯Ii 3  ! + 5 ur } £iey­¤)i° > >  3   $ !   ©¸{-Mw\ri¦§ih,iw8t   $'  $'E u 
£&ey|§e¶suey£-stveyMtf£&eyiw 3  |~s&wysutMw8t©¸xAwytv|§)wZX|¨t-|~sfwAMteA|§wA,Mtveyi{ftveXMwtveAiiI¦¬iIh,iw8tÂsu|§¯i²
 ÂwAMteAi{-£f­r,tv,xAwXQi{stMwy teA|§sf|~sftD|§w8tv{QQxyiteAi¦¬QIM¦Zw8tv|§w8xy)xysfwAQQiQiIwysv|¨tr  !  @ 3 °
 >  >  p $ !   ©¸){-)w\r±i¦§ih,iw8t   $ '  $ 'E u 
´«tDMw Gi¤i{|¨·XiI3tveXtteAiw\xAhXiI{M©&wAQQics ;){ic}8xA|¬¤)¦¬iIwt¦¬r3|§wti{¤M¦~s )©ftveAi hDicsue |~ssvGiI|¬·yic \r¥teAi
h,itv{|§)²´«tf|~s&|¬¤iw8r`°
w + j!  <  +  $ !  <  @ 3  $ !  < p $ & é) 
´«© w +  |§s¶X8su|¬tv|§¤)i|¬w8tviI)iI{I)wA¦§r¥wAi±h,iIsve |§sQiI{v|§Xicè\r¥|¬tI5|¨© w +  |~swA)tMw |§wtii{c>wA®h,icsue |~s
AiIs{|¬GiI \r±|¨tc²





ª  *xAwA|¬©¸){hh,iIsveZQ|³² i²¬°j$ 5 A $ u=A& &&GA $  £&|¬tve $' ! $ 5 ~ ' 5 u  $  ? $ 5  ª   ©¸xAwytv|§)w  y{viI)xA¦~M{iwAxA)e>AQi·ywyiI)w¶suiI)h,iw8t   )   )! $ ' W! $ ' E u 
ª9¶|~sfwAMt-wAicicsvsM{|¬¦§r±svh,)¦¬¦³
ª 1 #  tveyi  u |§wti{X¦§Mtv|§)wM©  )wi¤i{r|¬w8tviI{v¤)¦   ).  M©tveAih,iIsveZ²
ª  ÂssuxyhD|§wA 1 # 9) !# )  )wyE1 #  !   QtveyiMAA{­ÀQ|¬hMtv|§)w±iI{v{){f|~s&Qi·ywyiI\rG° !#p? 1 # & éM%
´«t-|~s-sveA£&w|§w ¬­*ZtveXt&tveyi{iiÀQ|§suts&,G)xAwXQiIw\xAhGi{ ' suxXeteyt 3  °
      !   ? 1 #     $   ? )  } ' & é 
dfey|§siIsutv|§hti)Z©½ti{Gi|§wA¶hDQQiI¦¬¦§iI¥|¬w"tviI{vhsM©)w8t|¬w\xAxys-©¸xywyKt|¬wys>£&|¬¦§¦Cwt{v|§AxQtitteAi,)w8t|¬w\xAxys
y{vA¦¬iIhsuttih,iw8tc²
*   *    
è   
 ú ¸¡y¢    
è   ½ û ¡ þ >ÿ(½  þ +/ þ  þ  
 D 
'3i)wwA£¹ÐÍIÇ ÌÖ teAii{{v{/{iIsvxA¦¨t|¬wy©¸{)h»xysv|§wAD  u |§w8tviI{vG)¦~t|¬w±)wh,icsue {vicsuGiItv|§wAD)|§¤)iIwh,it{v|~+ ²5dfeAi-)wyM¦§rQsu|~sM©`A{viI¤\|¬xys5suicKtv|§)w,svxA)iIsuts ¸wyi)¦§iItv|§wAeA|§)eAiI{uª«){Qi{tviI{vhs tvtM¾)iteAif©¸)¦§¦¬£&|§wAh,\Ai¦³°
    $  n!%   $  5 }
  K K  $   & é;F 
£&eyi{i    $  |~stveAiwAQQiQiwXsu|¬tr±M©tveAih,iIsveZQ{¿ic}xy|¬¤M¦§iw8t¦¬rteAi|¬w\¤i{suil¦¬Q)¦`hDicsue¶sv|¬¯Ii)\|é² i)²5teAi|¬w\¤i{sui
)© 3   $  ² '3i£fMw8tÂwA£ tv·ywytveyih,|¬wy|¬hxAhÁ£&|¨te®{vicsuGiIt-tvhDitv{|§5+ M©5tveAi D   ":A#t A  &wy){h
)©>teAii{{v{   °        $      ! 8   <    $  5 }   K K  $       & é
 




w ' j! w4G!  <   $ I $ !  & é   
£&ey|§e®|¬¤iIsl¦¬|§wAicM{)wXst{)|¬w8tI²Q &AQ|¬tv|§)wy)¦¬¦§r)Gtv )it ;Mtl¦§iIst-©¸{vh)¦¬¦§r -Mw¥)Qt|¬hM¦§|¬tr¶)wyA|¨t|¬wZX£iIMw
Ai{|¬¤iÂteAi©¸xAwytv|§)wy)¦ZM© é
 ¿£&|¨te¶{vicsuGiItt  °
? ;t <  5 }  5 u    K K     p  C "W 3     <   ! "G& é   
dfe\xysI    |  $ ! w  &   K K  $   E   ; )wytM¾\|§wA,|¬w8t,)xAw8tftveAi)wysutv{M|§w8t w  !  y£¿i)itI°
   |  $ !    K K  E        K K  $   E    ;y*
{f|¬wtviI{vhs&)©>teAi¦¬QIM¦¼h,iIsveOsu|§¯i°
3   |  $ !    K K  E        K K  $   E    & ;8 
dfeAih,|§wA|§hxAh M©tveAi©¸xAwXKtv|§)wXM¦¼£&{|¨tiIsI°





 &29r#k. s &E. &f#G!8.S3%)
-A$9,^`;U.<;I9@.<;9&2#]AwO@&2>&2OPW$O1Lj9-!'_A>'*)zZ s &E. &f#x!8.9[A$#!UQA5'*)+R.(!P#Ik	4&0.G^`&E.<;!W>.vA$_Z#%OP!8!8.<;5#r#xA$#r#kW$O/.<&
!U s F0!U9]5A*O)
G&E. #[IOX#]W_#IFKW$) .K!XA$#r#kW$OP@.<;QA>.j.<;DOPU.09%&03x&f#:'!8W$l77P&2 Aw=5!>'8!*)+*?#(BA3*L N ;>&f#j^J!8W$)07X3!*9%9-#(/!Ul7X.(!A*PA$#r#kW$O/.<&
!U|!*1.<;j#6OP!8!8.0;>#r# !*F`.<;]W$l789%)zZ>&THOP-#6;-# d !)+OPI.^`&E.<;Y?-A*5&2#%;>&2HXOw[A$#kW$9- s !@#kW7>78\?-A*9r&+A.<&
!U!UF`I)
IOPI.E#j#6;A[/SA$l7X#6&
U$L=Q3!*l7 s &2w.<;v3IA#I^J"OwA`A*@A$#r#[W$O/.0&+!*])+[A87&2H:.K! Aj#kWa3%&
I.M3!UOBA3%&E.2Z!*F5A87OR&f#%#%&E'$)+/#U. s .<;  W#k.<&
!U!*F~W$5&  W#r#j#%;!8W$)071'8DA7>79-#r#IU7QL
 l7 .<;5&T9k7 s A4)
!3A*) A$QA*)zZ5#6&f#D&f#S/!*#r#6&('*)
 s .<;G#r#%&fA$ !*FD.<;@FKWl3k.0&+!*QA*) &2#G"!$#6&E.<&E?U s ^`;>&03b; #%;!_^J#X.<;A..0;F0!*9%OwA$){!-/.0&TO|W$O &f#xA./)





!UQA$)~.K!1.0;]W$Oa'89]!*FJ!>78-# s &f#:7>U7 '[Z+nq:!U>)zZ&TF.0;#3!*l7@78I9r&0?-A>.<&E?U  K K U?U9 ?-A*>&f#6;#LK9A83.<&03 s ^` 9-b)+A83-   K K  '[Z   . -
  K K  %s ^`&E.<;PAG#6OwA$)T)_/!*#%&E.<&E?U- L
*      
  ú 
" ÊA{ftveAiI)svi)© D u wA){h¶°5dfey|§s&|~s&D{MtveAiI{-¦~)ssu|~)¦`wA){h|§w|§hMilA{Qicsvsv|¬wyy
3   |  $ >!    K K  ur     K K  $   5 ur ;)%
" ÊA{ftveAiI)svi)©>teAi D } wA{vh¶°dfeA|~s&|~stveAiwyMtvxA{M¦¼Qtv|§)w ©¸){-/lÄ  sI
3   |  $ z!    K K  }      K K  $   5 }  & ;8 
ãXä\ÅKÒ Ì ÅÆ`Ç Ì ÓKÓvÍÓÎÍMÆyÑ³ÓvÍ Ö M
" ÊA{ftveAiI)svi)© D % wA{vh¶° '3iMwhM¾ilteAiiÀQGsMw8tftviIwy tv,|¬wA·ywA|¬tr MwXÍMÓKÐ,Å Ö½Ö æ)itI°
3   |  $ z!    K K  ur }     K K  $   5 ur } & ; F 
 
KY.0;x)fA#[.v3A$# s &T.09!>75W3r&T>H    | d    |  $ j!    K K  E     K K  $   E & ;n 
&2 fq vH_&E?U-#vA|W$5&TF0!*9%OcI9r9!*9 s
    $   !   $  5 }   K K  $  
!     K K 
E    }
 }  ;   ^`;5&<3b;Y&f#]!8.0;>&2H I)f#I4.<;QA>.].<;aW_#[W_A$)I9r9-!U9D96BA*9.<&E.<&
!UYF0!*9%O|W$)fA5LPXA*)f#I!P9-IOwA*9  .0;QA.].0;w!-`.<&2OXA$)I9r9-!U9
OwA*H_>&E.6W7j&f#D78*.(9%OR&271'[Z .<; ur } !U9rO !UF .<;G#3-!Ul7a78I9r&E?A>.<&E?U$L
´«©5£¿itM¾iÂteAi t ª³tve¶{\Mt&M©5iÀQA{iIssu|§)w#; KQ£i)itI°
   | !  @  7    K K  E      8 } I u5   K K     E      ur   ;   
)wy y)ssu|§wADtvDteAi¦¬|§h,|¨tc°
   |% !  } 2    K K  E   3 } & ¸8 
	
N ;v"!_^JI9  @  !UF~.0;D#3-!Ul7a78I9r&E?A>.<&E?U   K K  &2#j9)fA>.(74^`&E.<;Y.<;DA3[3W$9IA3bZ4!*9[789S!UF .<;G&2.(9(/!U)+A.0&+!*ML N ;#IA*OP:A*QA$)yZ5#%&2#:3IA$t'8X78!*X^`&E.<;YAwOP!*9:A83[3W$9A.(D&T.(9(/!U)+A.0&+!* s .<;QA>. &f#@.2Z_&<3A*)2)yZt^`&E.<;YA*I9r9!*9jOP!7I)~!UF





I9D.<;QA$  @ 
 L
*   . þ   ú  ú ¡ ú"þ ÿ ú  þ /f ú ¡ þ G  þ  
 ú ¸¡ 
 þ ÿ ú 
>it&xysfiÀQ)h,|¬wAieA£ t,¦¬\)¾,©¸{-Mw )Qt|¬hM¦¼h,itv{|§|§wteAi±ÇØ~ÕÎÍÆyÑ³Ø½ÆyÏyÍMÏ\ÕÎÅÕ Ì ² ' eAiIw  u |¬w8tviI{vG)¦~t|¬w|~s
ey88suiIwZ\£¿ih,QQi¦ZtveAiiI{v{){&)s°
 u5     $      !  u5  3 }
  5 }  $ ~  ?   $ <~  $ ?         ¸\ 
£&eyi{i  |§sÂsuhM¦§¦§i{ftveXMw 3 ² '3i)ysvi{¤)iltveXt&tveyiQ|¨Ã`i{iw8t|§)¦Z}xyMtv|§iw8tc°
 5 }  $ ~  ?   $ .~  $ ?  iI|¨teAi{5|¬tC|§s5¦¬8suitv = E 
= > E £&eAi{i  |~s{viI)xA¦~M{ ;%){5|¨tC|~sM©XtveAif){QiI{)©  5 } MtCsu|§wA)xy¦§){v|¬tv|§iIsM©  ;.K²Cm¶{viI¤)iI{Isv|§wyi  |~s&XxAwyQic¼   5 }  $ ~   ?   $ .~{ $ ?  Y     E 6  ,&v     6       & : & !  & ¸8 dfeyiIM¦~xA¦§xysf)©¤M{|~tv|§)wXs¿|¬¤iIswA£°
3
  $ j! w  &     5 }  $ ~   ?   $ <~  $ ?     $ Y   E  ¸%)wytveAi{iIsvxA¦¬tv|§wA,)Qt|¬hM¦¼iI{v{){f|§w D } £&{v|¬tvics°
 C!  } 2    5 }; $ ~   ?   $ .~> $ ?  Y  E  3
E A  }
£&eyi{i |~s  XxAwyQic wysutMw8tcÂQxAi¥tv;%K² '"i3QiIQxXi®teyttveyi")yMQt|¬¤i¥st{MtviI)rß|§s©¸){hM¦§¦¬rßM©
sviI)wyQª³{QiI{xA{r²
M   Ì ÓK×cØ Ì Ï Ë ÍÏQÓKÑ³æ  ÛlÍæ  àIìÏ Ì   ÍIÍ
	KÏ\Õ




*  *   ú  ½* þ 
Ý¥ÅMØ½Æ¥ÆGÍMÑ«ÅMÑéØ;ÍMÆAÕ 
>it  GiDt£&|§iw8tv|§w8xy)xysv¦¬r¶Q|¬ÃGiI{viIw8tv|~MA¦§i©¸xAwXKtv|§)w¥©¸{vh svxAysvitq )©  } |§w  ²ld )w8rt{v|~MwAxA¦~tv|§)w #M©qy|¨tÂ){{vicsuG)wyys¿)w|§w8tviI{vG)¦~t|¬w  u M©  tveXt&£¿iAiwA)tvi\rp1 #  ²
Êy){ftveyi¦¬Q)¦¼i{{v{&Mwy)¦¬rQsv|§sI°
ª£¿i)wysv|~Qi{  !   ).v   At{v|~Mwy)¦§i£&eysviA|§)hDitviI{  :=<?> Q\iIsfwyMt&tviIwy tv,¯iI{vX²
ª£¿i)wysv|~Qi{  A©¸xywyKt|¬w¶©¸{vh  } t  tveXt-|~s  } 
ª£¿iAiwA)tvi\rp1 #  \tveAi¦§|¬wyiIM{&|§w8tviI{vG)¦~til)©  ¤i{  
ª£¿isvsvxAh,iltveyMt  MwyE1 #  |¬wX|~Qi|¬w )   Mwy  ²
'3i£fMw8tftvD·ywy¶D)\QhM){Mw8t¿tDtveAiiI{v{){  !'p? 1 #  )w  !   ).v   ²
 Ì ÕÕKØ;ÅÆ"Ð,ÅMÑéÓKØ  
dfeAid­r\¦¬{©¸){hxA¦~£&{|¬tviIsI°
 
$ ~  
$  !  
$ .~ + + $ '  
$   $' ~  + } + $ ' + $ B  
$   $'  $ B ~#& & &
£&|¬tve>°
 
$ ! 2  $ : 3 ¸\ 
dfeAi ÂiIssu|~MwM©  |~s&QiwA)tvic \r`°
 ! 7 = E 
= > E = E 
= > == E 
= > = = E 




E2 u ""  } 3
 5 u ¸ 
'3i|¬w8t{vQQxyiÂteAi{MtMtv|§)w h,Mtv{|¨À  y£&eA|§e)\ics/©¸{)htveAixysvxyM¦  $  :  8{A|¬wyMtvisurQsutviIh»tv,surQsutviIh  . °
    5 u  ¸   h,icMwA|§wADtveyMt
 uW! + } +  } ¸   )wy
 } ! + } +  } & é) 
ãXä\ÅKÒ Ì ÅÆ`Ç Ì ÓKÓvÍÓÎÍMÆyÑ³ÓvÍ Ö )
*  *   ú ¸¡ +
dfeyiÂ©;)hD|§¦§rM©>h,it{v|~s£isvey)¦¬¦`wysu|~QiI{)w8t)|¬wystviwXsu{/·yiI¦§QiIXiIwyQ|§wAw  $  :  MwXQi·ywAiIZ©¸{)hºt£
{Mtt|¬wys  )wy  5 u y)s©¸¦¬¦§£-sI°
+  $  : j!   5 u 7 u: } "" u: } 8    éA*
£&eyi{i   3 `MwX 3
	 AiGiwy¥)w $èMwy@:`²ldfeyi\iÈ|¬iIw8ts 3 ¼MwX 3
	 ){vitveAi¦¬Q)¦>h,iIsve¥sv|¬¯IiIsÂ|¬w®ic)e
)©5tveAit£¿±A|¬{iItv|§)wys  Mwy  Qi·ywAicO\rteAi{Mtt|¬w  ²p\|§hD|§¦~M{¦¬r tvtveAi I I)svi)XtveAi¦¬iIwAMte D
 M©teAi
¤iItv){ 
 |§w¶hDitv{|§ + |§s&Ai·ywAic¶)s©¸)¦§¦§£-s°
D 
 !  u5  
 & + & 
   & é 
dfeyi}8xyMw8tv|¬tv|§iIs u:  )wy u: {viIA{iIsviw8t-tveyiw\xAhGi{lM©Ch,iIsveOi¦§ih,iIwtsÂ\rxAwA|¬tl¦§iwA)tve®{xAwAwy|¬wA M¦§)wAMÀQiIs 
)wy  {iIsvXicKtv|§¤)iI¦¬r²
*  *  * . þ 
  ú  ½ û w + 
´µwè¶su|§h,|¬¦~M{£f­r¶tv¶teAi¶II)svi)¼£i,svsvQ|~tit¶h,it{v|~ + teAi±hDy¦¬iÀ\|¬trO){tMtM¦5w\xAhGi{)©wAQQics
)h,AxQtiI ©¸{)h)w |§w8tvi{)¦`M©5hDicsue¶QiIwysu|¬tr)y|é² i)²5©¸{)h -
 3
 MwX 3	 A)w¶MwO){vic)© - } suxy{u©;i)²
w + ! n  +   !  3
 3
	  $  : & é) 
>it    . Gitveyi¦¬Q)¦ZQiwXsu|¬tr±M©5wAQQics©¸){ftveyihDitv{|§ + ²5´«t-|~s&iI}8xy)¦`tv u: & u: ²
j 
KF`A|.(5#I!*9%&+A*)OP#%;Y^`&0.0;  ~  !>78#j&T-A3b; 7&29-3k.0&+!*a#IA.0&2# -#v&<78[A*)2)yZ .<;SOPU.09%&03 + .0;I d
 u5 3 5 u & 3 5 u	      !  '  > >       8     !  '2 u  'f u   !  } & éM%
*  *     
 ) A  þ  þ /& ú G ú  þ ¸ A  þ  ú ­ þ  , + 1
'3i)wysv|§Ai{f·y{stÂtveAiQtv|§hM¦>)wA|~su)tv{)A|~hDitv{|§)²dfeyi¦¬QIM¦Zh,iIsve®sv|¬¯Ii|§slQi·ywyiIO)sÂ,xAwA|~}xyisvIM¦~M{f·yiI¦§Z
3  $  :  ){iI}8xA|§¤­)¦¬iIw8tv¦§r,tveAiwAQQiQiwysv|¬tr8r){vicxAwA|¬t   $  : !  @ 3 }  $  :  ²CdfeAiltv)tM¦Gw\xAhGi{f)©>wAQQiIs|~s
|¬¤iw 8r`° w + ! nJ  $  :  $  : & é 
Êy){&iI{v{){h,\Ai¦§¦¬|§wAyy£¿i)it&|¬wysvA|§{Mtv|§)w ©¸{vhD{vxA)eiIsutv|§hti)wy£&{v|¬tvi°   $  : >! 3 }; $  :  'T $  : z!D 5 u  $  : 'T $  : _& é;F 
£&eyi{i ' A)X¤iAi·ywAic|§sftM¾iwiI}8xyM¦`tDtveAi¦~M{)icst&Mysv)¦§xQti¤)¦¬xAi)©iI|¬iwAh,QQiIsf)©>teAi -icsvsv|§)w )©  ²
>it-xys&h,|§wA|§hD|§¯iteAi   wy){hM©tveA|~s&i{{){fxAwyQiI{ftveAi)wysutv{M|§w8t)©5Dw\xAhXiI{&M©5wAQQiIsfic}xXM¦`tv  °
    n '   5   $  : é
 
xAwXQi{fteAiwyst{)|¬w8t w + !  &
dfeyiQtv|§hM¦§|¨trwyQ|¬tv|§)wys&){vi°
? t  '   5  5 u  p $  : $ " é   
©¸){-Mw\r   suxye tveXt      $  : !#"E
;F   Ì ÓK×cØ Ì Ï Ë ÍÏQÓKÑ³æ  ÛlÍæ  àIìÏ Ì   ÍIÍ
	KÏ\Õ
{tM¾\|§wA,|¬w8t±))xAw8ttveAi)wysutv{M|§w8tI
   |  $ !   '      $  : 'T $  :     & é   
 
 H8A$&T .<;:3A$# t !~ H&0?*#  ! ' s .<;QA>.`&2#.<;]9%9-!U9&2#!U9-bMA*9.<&E.<&
!UML
´µwtviI{vhsf)©teAi¦¬QIM¦¼h,iIsvesv|§¯i 3 |¬t-)|§¤)iIsI°
3   |  $ !    '        u% } 'T $  :   E   E & F 
´µw¶y){ut|§xA¦§){©¸){ t@!  QteAiiÀQG)wAiIw8tf|§w$F ¿|§s  @  ²
*  *     
 ) A  þ  þ /& ú G ú  þ ¸ A  þ  ú ­ þ  , ++ 1
É¿wysv|§QiI{v|§wA,Mw¶MwA|~svMtv{)y|§Â©;Mh,|§¦¬r M©h,itv{|§IsA£i{vitvxA{w tvDtveAiy{viI¤8|§)xXsf)iwyi{M¦`wAMtt|¬wys²
ÜÒGÑéØ½ÐDØ cÅÑ³Ø;ÍÆ±ÒGÓvÍ 	 Ö¬Ì Ð
'3i)ssvxAh,iteyttveAi,©¸xAwXKtv|§)w  ey)sG)xAwXQiI sviI)wy3Qi{|§¤­Mtv|§¤)ics = E 
= > E  = E 
= > =   = E 
= E ² '3i±)AhD|¬tteytteAiGiIsuth,itv{|~sveA)xy¦§¥XieA8suiIw¥Mh,)wy h,it{v|~slteytM{i)¦¬|§)wyiI®£&|¬tve"tveyi ÂiIssu|~Mw"M©  ² '3iDtveAiIw"wysv|§QiI{
h,itv{|§Is + °
+ >  !  5 u 2  3   5 } ""  3 	  5 } 3   Fy*svxye tveyMt
  !  
  F8 
£&eyi{i  
 |§sfteAi{MtMtv|§)w £&eA|§eOQ|~M)wy)¦¬|§¯icsCteAi -icsvsv|~MwM©  °
 
 ! 7 = E 
= > E = E 
= >  == E 
= >  = = E 
= E 8 ! 
 7 = E


=  E "" = E 
= 	 E 8 
 5 u F 
 lsMG¤)i5©¸){±sv|¬h,A¦§|§|¨trCteAiOsuic)wX QiI{v|§¤tv|§¤)ics = E 
=  E MwX = E


= 	 E M{isvsvxAh,iI tvèXi¶)©3st{v|~Kt¦¬r Gsv|¬tv|§¤)i)ysv)¦§xQtvi¤M¦§xAi)²
 Âw±MwA|~su)tv{)A|~¿i{{v{icst|¬hMtvif)|§¤)iIw|§w ¬cy¦§iIAstv)wysv|§Ai{tveAi-©¸)¦§¦¬£&|§wAÅÆyØ~ÕÍMÑéÓvÍKÒXØ;Î Ì ÓKÓvÍÓÎÍMÆyÑ³Ø½ÆyÏyÍMÏ\Õ
ÐÍcÇ ÌÖ °
  !  2  + } +  }  & 3 } ~  + } +  }  & 3 }	 3
  $  : & F)%
dfeyiQtv|§hM¦Zh,itv{|§h,|¬wy|¬h,|§¯iIs&tveAi©¸xAwXKtv|§)wXM¦   xAwyQiI{&tveyi)wXst{)|¬w8t w + !  } °
   2  + } +  }  & 3 } ~  + } +  }  & 3 }	 3
  $  : F8 
xAwyAi{ftveyi)wXst{)|¬w8t  3 5 u 3	 5 u  $  : !  } &
dfeyiQtv|§hM¦§|¨trsurQsutviIh»tveAiIw¶£&{v|¬tvics
 K  +   + ! "G F F 
3  + w K  +   | &  + ! "G&dfeAisviI)wy iI}8xyMtv|§)w¶)w GixysviI©¸){&£&{|¨t|¬wA±D{i¦~t|¬wGit£iiw,+ Mwy  °w K  +   | &  + ! "  Fn 
 ?3
 &  3	3 }	 ~ ?3	 &  33 } ! " 

 3
 &  3 	 ~ 3	 &  3  ! " &
ãXä\ÅKÒ Ì ÅÆ`Ç Ì ÓKÓvÍÓÎÍMÆyÑ³ÓvÍ Ö  
dfeAiI{vi©¸){i)Q|¬tÂ)w Gi£&{v|¬tutiwtveXt
2  3  3	 3 !  2 ? 3 3	 3 & F   
Ä/}xXtv|§)w  F;F £&|¬¦§¦yGi-¤)iI{v|¬·yic©¸{/Mw\ryM|§{   3   3
	  suxye,teyt F   eA)¦~AsCMt/¦§iI)sut©¸){/)wAiÂs)¦§){5©¸xAwytv|§)w  )©  $  :  ²
>it-xys&iÀQyMwy iI}8xyMtv|§)w F F K°
 2  + } +  }  3 } ~ + } +  }  & 3 }	 3
 5 u 2  + } +  }  3  3 ~  + } +  }  3	  3	 3  $  : !'" & F   
lxAitv±sutMtviIhDiIw8t  F   £¿i)w {iy¦§i  3
 MwX  3	 °
 7  + } +  }  3 } ~  + } +  }  & 3 }	

 5 u 8   2 ?) + } +  }  3
,3 ~  + } +  }  3	 3	 3  $  : !#"8& 4M 
pQ|¬wyi 3 	  3  Mwy teAisuicwy Ai{|¬¤t|¬¤iIsM©  Q,wA)t-¤­)wA|~sueZ\teA|~s&£&|¬¦§¦ZGi¯iI{v©¸){-)w8r±©¸xAwyKt|¬w   |¨©
 + } +  }  & 3 } !  + } +  }  & 3 }	 & 4Q*








	   = E 
=  E	  4) 
´µwtveAisviI}8xAi¦³\|¨tf£&|§¦¬¦`Gisv|§hDy¦¬iI{/tiÀ\y{vicsvs¿h,itv{|~ + |§w±ti{hs/)©ZtveAiwAQQiQiIwysu|¬tr  Qw\xAhXiI{fM©>wAQQics
¦§QMtviI |§w¶DxAwy|¨tÂ){vicAQMwy)©>tveyi¦¬Q)¦Z)svXicKt-{t|¬ °
+ !   5 u 2  "" u 3    4M 
mO){ilA{iI|§svi¦§r±£isuit 3  !   Mwy 3 	 ! u  ²CdfeAiwysutv{M|§wt  F
 /teAiw¶GiIh,iIs
   !#" & 4%
dfeyi)wyA|¨t|¬w  F;F%¿IMwwA£ Gi£&{|¨tvtviw
 2  + } +  } 
  ~ + } +  }    3
 5 u 2  + } +  }  
  ?    }  ?  + } +  }     ~    }  } 3 !#" 
3   svxye tveyMt    !#" )wy 3   &
>it-xys&iÀQyMwy wA£ iI}8xyt|¬w# F;F%/|§wtviI{vhsfM©  3)wy   ²CÊ|§{sutI\©¸{  °
  
n  5 u 2  + } +  }   ?  + } +  }   }  3   !D" 3    4) 
£&eyi{i  
  sut)wyAs©¸){  = E 
=  E    ~ = E 
= 	 E  u  Mwy£&eA|~eZQ\r svsvxAh,Qt|¬wZQwAi¤i{f¤MwA|~sveAiIsI² '"iAiIQxyitveyMt
 + } +  }   ?  + } +  }   }  !#" & 4 F 
     Ì ÓK×cØ Ì Ï Ë ÍÏQÓKÑ³æ  ÛlÍæ  àIìÏ Ì   ÍIÍ
	KÏ\Õ
'3i)itftveAiIw teyt
 ! 7  = E 
= 	 E  = E 




p\icwy¼Q©¸{   °   
n  5 u 2+ } +  }  ?
 } ~+ } +  }  ?  } 3   !D"E& 4   
'3i)it&tveAiIw  
n  5 u  } 2  + } +  }    <~  + } +  }   3 !  
.;  4   {IQ|§wMtveyi{&£){As  JE u 2  + } +  }    <~ + } +  }   3
 !     &     
>it&xys&{iy¦§i ¥\r±|¬ts&¤)¦¬xAi°
 JE u !    	%2  + } +  }   + } +  }  3
 E &    *
'3itve\xysfit
! w  2  + } +  } h + } +  }  3
E   E &     
Âi{i)\teAiwystMw8t w |§s&|¬¤iw 8r`°
w  ! 7  2  + } +  }   + } +  }  3
E   E  $  : 8 5 u  } &     
Ê|§wyM¦§¦¬rQtveyisv}8xy){vi¦¬QIM¦¼h,iIsveOsu|§¯ics&M{il|¬¤iw8r
3 } ! w 5 u  + } +  }   E  

E
    + } +  } 
E
   
3 }	 ! w 5 u  + } +  } 
E
    + } +  }   E  

E
       %
£&ey|§eh,iIMwXstveyMt-hDitv{|§ +   | |~s-Qi·XwAiI\r`°
+   | !#w 5 u 2  + } +  } h + } +  }  3 
E   E  5 u


2 E   E   E   E  3
ur } "
" 2   E   E  E   E  3
ur }

  &     
´µwteAi)sviM©tveAi  } wA){h¶\tveA|~s&GiI)h,iIsI°
+   |  } !w 5 u}  5 u
  = E 
=  E  5   = E 
= 	 E  ur ""  = E 
= 	 E  5   = E 
=  E  u%
  &    F 
dfeAiI)sviM©>teAi  % wA{vhIMwXi ÍMÓKÐ,Å Ö½Ö æQiI{v|§¤)ic\r±ysvsv|§wADtvDtveAi¦§|§hD|¬tI°
+   |  % ! w 5 u%  5 u   = E 
=  E  5 u ""  = E 
= 	 E  5 u
  &     
 Âwy£¿i)M|§witÂ)w |~su{viIyM{vtv|¬tv|§)w M©tveAi|§w8tvi{)wy M©  F;F%K²
ãXä\ÅKÒ Ì ÅÆ`Ç Ì ÓKÓvÍÓÎÍMÆyÑ³ÓvÍ Ö   
*  *    D¡¡ > A¡ û þ ÿ ú 
´«t&|~sfX8svsv|§A¦¬iltv,iÀ8tiwytveyiiI{v{){Mwy)¦¬rQsv|§sfQwAiMG¤)i|¬w){Qi{¿tv,itf|¬wysv|§)e8t&)w±teAi)IxA{)r)²´µwteAi)svi
)©)w|~svMtv{)y|§)A)QtMtv|§)wZ\teAi¤M¦§xAitftveyi)Qt|¬hxAh|~s
0! w n '     $  : &      
dfeyiwZCsviI)wyè{QiI{)IxA{)r¥£&|§¦¬¦Gi stv|~su·yiI |¬©&tveyi MG¤)i|§w8tviI){M¦/|~sXxAwyQic¼²®´µw teAiI)sviM©&teAi)
ÂiI­¤\rQsu|~Qi©¸xAwyKt|¬w¥ic}xXM¦tvxAwA|¬tr¶©¸){Gsv|¨t|¬¤i $ MwX®¯iI{v MteAi{£&|§svi)GteAi¦~M{)icsti|§)iIw8¤)¦¬xAi|§swAicicsvsM{r
teyt{v{iIsvXwyQ|§wAt:$>²p\|§h,|¬¦~M{¦§r t±teAi cTI)svi)XtveA|~ssuicwy®QiI{v|§¤tv|§¤)i|§sl|¬w8ti){My¦¬iMtGiIsutMtG£i{
wAieyM¦¬©²CÊA{ t !  \tveyiX£i{f|§w teAi)Atv|§h,)¦Zi{{){|§s  @  ²dfe\xys&sviI)wy ){Qi{&xy{r|~s&wAMt&Qt)|¬wAic¼²
´µwtveyiMwA|~su)tv{)A|~)svi)\teAiMwXM¦§),)h,AxAtt|¬wsveA£-steyt-|§w¶){Qi{tvQt)|¬w¶sviIwy ){Qi{&)IxA{)r
£&|¬tvetveAi -ic­¤\r\sv|~Qi-©¸xAwXKtv|§)w>Q|¨tf|§siIwA)xAetveXttveAisviIwy $ ? Qi{|¬¤Mtv|§¤)iÂ|~s|¬w8ti){My¦¬iÂMtG£i{  @ X)£&eA|~e
|~stv{xAisv|¬wXi|¨t-|~s&|§w D u% } ²
´«tf|§s/tveyiw±{ihM{¾MA¦§i&teyt¿tveAilA{vX8suic,h,\Ai¦`suxA)icststveXt¿|~svMtv{)y|§&Qtv|§hM¦Gh,iIsve)A)Qtv|§)w£&|§¦§¦XwA)t
y{vQQxyiÂsviI)wy±){Qi{)xA{tvi&h,itveAQ±|§wD } £&eA|§¦¬iltveyilMwy|§svMt{vA|§-)Qt|¬hM¦Gh,iIsve)yMQt|¬w£&|¬¦§¦`A{vQQxXi
svxye¶Mw¶)IxA{)r){Qi{c²dfeAiIsviA{vicQ|~Ktv|§)wXs&M{il|§wO)){AMwXi£&|¨te teAi{iIsvxA¦¨tsf|¬w#   Z   ³²















0.7 0.75 0.8 0.85 0.9 0.95 1
’test_diff_a_huit’ using 2:4
Ê|§)xA{iDIA°lQt|¬h)¦¬|¬trM©tveAiA{)GsviIhDitv{|§)°CMys|~ssvs¿){vi¤M¦§xAiIsM©tveAièy){)hDitviI{¿|§wteAi)A)QtMtv|§)w
{v|¬tviI{v|§)w>8{A|¬wyMtvics&M{il¤M¦§xAicsfM©tveAi{iIsvxA¦¬tv|§wA D } |¬w8ti{X¦§Mtv|§)wi{{v{I²
p\icwyQ¦§r)GtveAiD|~QiI)¦h,iIsveAics-teytM{iQicsv{v|§Xic®)sl)Atv|§h,)¦|§w®teAi,)svi)© D % iI{v{){-wy){hÁ){vitveAiD)wAics
iwAiI{)¦¬¦§rèA{)GsviI |§w teAi¶¦¬|¬tviI{MtvxA{i©¸{Dsv)¦§xQt|¬wysDM©ÂiI¦¬¦§|¬Atv|~ y{vA¦¬iIhs² jÂ£CxysvxyM¦fiI{v{){iIsutv|§h,Mtvics©¸{
iI¦¬¦§|§Qtv|~,A{)A¦§ihs{viI¦¬r¥)wè Â|¬¦§Gi{vtv|~Mw"tveAiI){r)² '"i,ey­¤isueA£&w¥tveyMt|¬w D } ¶Q|¬ÃGiI{viIw8t©;)h,|¬¦§r®M©f)Atv|§h,)¦
h,icsueAics¼|~s¼©¸)xywyM¦§{vic)Qr-©¸){¼teAi¿I)sviM©QMw|§wti{X¦§Mtv|§)wi{{){c²ZdfeAiw|¬t>|~s¼|¬h,G){vt)wt>tv&¤M¦§|§ytvi/)xA{>svsvi{vtv|§)w
teyttveyiDsviI)wy¶©;)h,|¬¦§rO|§ssv)h,i£&eXtlQtv|§hM¦³¼Mwy®tv¶stxyQrO£&eyMt}8xyM¦§|¬tt|¬¤iQ|¬Ã`i{iwyiIsMAGiI){v|§wA±£&eyiw
£isuey|¨©½t&©¸{)h D % t D } ²
´µwß){Qi{tvèQ"tveA|~sIC£¿iey­¤i±tv3ysvstvè3Q|§s{iti )w8tviÀ8tc² ÊA{xXs/tveAi¶Q|~sv{vitviA{vA¦§ih |~sÂxXst±
A|§s{it|¬¯ctv|§)w¥M©CteAiD)w8tv|§w\xA)xXsÂQtv|§hM¦§|¨tr®svrQstih¶`£&eA|§e"iÀQA{iIssuics-teAiD)Qt|¬hM¦5h,it{v|~D)s±©¸xAwXKtv|§)w"M©
teAi -icsvsv|~MwM©>teAiw8tv|§w8xy)xys©¸xAwXKtv|§)wtD|§w8tviI{vG)¦~ti)²dfeAiIsviM{iltveAisutviIys©¸){-yxA|¬¦~Q|§wA,|¨tc°
" AxA|§¦§A|¬wA tveyi ÂiIssu|~MwZGi|¬tveyi{©¸{vh Mwy)¦¬r8tv|~A|¨Ã`i{iw8tv|~t|¬wZG){cGy{vi©¸i{MA¦§r©¸{ÂteAi,suic}xyi¦³G\r¶xysv|¬wy 
y)¾\{vxAwy±|§wA|¬tv|~M¦Zh,icsueZ\teyt-|~sf·ywyiiIwA)xy)eZ









*   ú ß Aÿ  I Q* þ   þZþ 
 Â¦¬¦`teAiA{iIsviw8tvic±iÀ\Gi{|§hDiIw8tsf£i{iQwAitvey)wA¾Qs¿tvDtveAi6o  msvM©½t£fM{i  *«² |¬¤iwluy¾8{vxAwy
m-h,iIsve
)wyMw)wyM¦§r8tv|~©¸xAwytv|§)wZ o  lm  iI¤M¦§xytiIsZwtveAi/hDicsuetveAi ÂiIssu|~Mw)©\tveAi/©¸xAwyKt|¬w\r&A|§s{iti/Qi{|§¤­Mtv|§)w
©¸{vhxA¦~A²
'3i±ey­¤ihDQQ|¬·yic{o  m |¬w {Ai{tveXtteAi±h,it{v|~±xA¦~"Gi)h,AxQtiI3©¸{)hoteAi ÂiIssu|~Mw )I{Q|§wA
ttveAiMG¤)i©¸){hxy¦§y² lwyiteAih,it{v|~D|§sQt)|¬wAic ;)w3wAQQiIs)©¿teAi,y)¾\){)xywyOh,iIsve.K|¨t|~sxysviI"|¬w 
h,icsue {iª«)iIwAi{t){©¸{{iAxA|§¦~Q|¬wy"OwAiI£»h,iIsve ©¸)¦§¦¬£&|§wAOteAih,itv{|§)²"dfeAi hDicsue {viª³iwAiI{Mtv){{i¦§|§iIsw 
li¦~Mxywy­r{iI)wAwAicKt|¬w |§w®suX)ih)AXic¶\r±tveyih,itv{|~Mwy¶w¤i{vtviÀ)yQ|¨t|¬wZy)M|§wO)I){Q|§wADtv,teAi
h,itv{|§)²fdfeyiw\xAhGi{lM©wAQQiIsÂ|§sl)­xXstiI¶£&eAiIwOwAiIiIssv){vr 8rtv{|§)¦¨ªµMwX\ª³iI{v{){teA{vxA)eteAih,QQ|¬·XMtv|§)w¶M©
teAihxy¦¨t|¬A¦§|~t|¬¤i\iÈ±|§iw8t&M©tveyihDitv{|§)²/mOMw\r±iÀQXiI{v|§h,iw8tsf£&|¬tve o  lmT)w Gi©¸)xywy|¬w#    «²
*    Zþ 
 úOþ  









10 100 1000 10000 100000
Convergence en maillage uniforme
Convergence en maillage adapte
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